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(57) Abstract: Virus vectors of the family Paramyxoviridae in which the transcription initiation sequence has been modified and 
thus the expression of genes located downstream thereof has been modified; a process for producing the same; and use of the same. 
By measuring the transcription initiation efficiency of each gene carried by Sendai viruses, it is clarified that the transcription ini- 
tiation sequence of F gene has a significantly lower ability to promote the transcription than the three other transcription initiation 
sequences. When the transcription initiation sequence of the F gene of wild type Sendai virus is substituted by the transcription 
initiation sequence of the P/M/HN genotype showing a high efficiency, the F gene of the resultant Sendai virus mutant and genes 
located downstream thereof show elevated expression doses. It is also found out that this mutant proliferates more quickly than the 
wild type. The above-described vectors are useful in producing medicinal compositions and vaccines. 
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mmm 

izmmmfc^tf^-b'ZtiTtet), &mB?izim^mm (e-ig-sv^;i/) 

#^jIU-C^£ftTV>£o Zh Pi- ft (DEino&ft&lZs M (genus) £ 
«fctff4 (family) ft"?ftlzm<s m (species) izmtZ 04 )VZ0mfc? 
T'li^fr&Tii^ (Feldmann, H. E. et al., 1992, Virus Res. 24:l-l9) 0 
•b>^>fij7>f;U^ ( Sendai virus; SeV ) n 7 $ £ V £ 'MH* ft 
(Parawyxoviridae) (D \s X ¥ vy j )l X (Respirovirus) £4Hi£tlT 0 2k x. 

*#*4 (Parmyxovirinae) (Dmmn&Zt^TLtbtlXl^o SeV©^A+MX 
&15,384itMT\ 3' ©m^ U -^*-^tC^§, N (7 £ U#*-\^> P (* 
M (Y MJ y-MK F (7i-^3», HN (^V^*;i/^->-^ 

ft£ co-transcriptional editing ($£^(3£f£ UfcRNAUM) (Park, K.H. and M. 
Krystal, 1992, J. Virol. 66:7033-7039; Paterson, R.G., and R.A. Lamb, 1990, 
J. Virol. 64:4137-4145; Thomas, S.M. etal., 1988, Cell, 54:891-902; Vidal, 
S. etal., 1990, J. Virol. 64:239-246) & &TfiM1R&}MmmP£mm (Gupta, K. 
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C, andE. Ono, 1997, J. 321:811-818; Kuronati, A. etal., 1998, Genes Cells 

3:111-124) ta!5, m2<D&fc?ifi*ti?ti7**vv-m&n v&xm 

> (RNP) ^1§rtt£flMbT^3o U(DMkT-\ZU<, C 0RNP«^^«tZ>"^MCD 
tz&>(DM$l£'&Z> (Lamb, R.A., andD. Kolakofsky, 1996, Paramyxoviridae: The 
viruses and their replication, pp. 1177-1204. 7/7 Fields Virology, 3rd edn. 
Fields, B. N., D. M. Knipe, and P. M. Howley et al. (ed.), Raven Press, New 
York, N. Y.) 0 ?m&MtLm&nt*<&tsV J )lX(DWkX U * 7— V\ZMtZ>7 
Dt-^-liJ'sg©-' obfr#£U&^(Hamaguchi, M. etal., 1983, Virology 
128:105-117)o&M^©JtJf^£&^^ 

';-#*-RNAh&mRNA££j5£1-§ (Glazier, K. et al., 1997, J. Virol. 
21:863-871)o U^faM^ t&^mt&MW<DWzte s m^tite\,^mm<Djr& 
(IG) IB?!]# s #£-f £ (Gupta, K. C, andD. W. Kingsbury, 1984, Nucleic Acids 
Res. 12:3829-3841; Luk, D. et al., 1987, Virology 160:88-94) o ^Mi^(D 

K. et al., 1997, J. Virol. 21:863-871; Homann, H. E. et al., 1990, Virology 
177:131-140; Lamb, R.A., and D. Kolakofsky, 1996, Paramyxoviridae: The 
viruses and their replication, pp. 1177-1204. In Fields Virology, 3rd edn. 
Fields, B. N., D. M. Knipe, and P. M. Howley et al. (ed.), Raven Press, New 
York, N. Y.) 0 

mRNA«IR£*U mWMWWm.\,X < Z>h, >fJl±(D®mifit&&Z>o Z(Dt 

^ m tt>4 ;u*rna# <j * 7— tffciu p tmpzmmt LxmrnzfidtK &ws.u 
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=f 4 zT^z > 7. (+)RNP££/£t 3 (Laib, R.A., and D. Kolakofsky, 1996, 
Parmyxoviridae: The viruses and their replication, pp. 1177-1204. //i Fields 
Virology, 3rd edn. Fields, B. N., D. M. Knipe, and P. M. Howleyetal. (ed.), 
Raven Press, New York, N. Y.) 0 # 'J * 7— fe*(i(+)RNP©3 , 5S(C^^>7'D ; e-^ 

<o 

(E3p<*teSyj (E^>y^-;i/) {V J lxQ^iSr 4 7*-te>*T-li> 3' -AUUCUUUUUU- 

5') Sevyy A©6o©Mfc^T-5£££&#£ftT^3o 'lE¥»fgEfll©fc¥ 

ttt 3' -UCCCWVUUWC-5' (Gupta, K. C, andD. W. Kingsbury, 1984, Nucleic Acids 
Res. 12: 3829-3841 )T»^i£tl£o S^tlt P, M, £ <fc t>*HN3tfe^T? tt % 
UCCCACUUUC, NM£^Tfci: UCCCAgUUUC, FiSe?T?ti UCCCuaUUUC, ^bT UBS 
^T*tt UCCCACUUaC T*£6o £©£tWi> cnS^S^J^^ ftT ^S"T^T 

©sev©^T-itMtT^«9s t> 4 ^(Dmm^^^^-vomM, ^VT* 
*^ sy©RrtH4i:LT^ £>r;b*©^b©3»fl-c, ^^©sgfcgp^MiE 

W©^gti£3g£im£ftS££#^£ftT^5 (Barr, J. N. etal., 1997, 
J. Virol. 71:1794-1801; Barr, J.N. et al., 1997, J. Virol. 71:8718-8725; 
Hwang, L.N. etal., 1998, J. Virol. 72:1805-13; Kuo, L. etal., 1996, J. Virol. 
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70:6143-6150; Rassa, J. C, and G. D. Parks, 1998, Virology, 247: 274-286; 
Stillman E. A., and M. A. Whitt, 1998, J. Virol. 72: 5565-5572) 0 ^ti£<D 

?ftm,&&££tiZ>Z£ififr,m$tiZ^Z> (Kuo, L. et al., 1996, J. Virol. 
70:6892-6901; Kuo, L. etal., 1997, J. Virol. 71:4944-4953; Stillman E. A., 
and M. A. Whitt, 1997, J. Virol. 71 :2127-2137) 0 Li? etrMSI 

L £ o (Nagai, Y. Paramyxovirus replication and pathogenesis. Reverse 
genetics transforms understanding. Rev. Medical. Virol. 9(2): 83-99 (1999)) 0 

v^y7s\zimr^m^w^^t^tzmzL\^L\m^^^Ti^^)^^--' tf 
do ztiizimz-x, Y?>x7 ^?is3>(D®mte±m%i%:mLrm~z*tete\,\ 

fr&Ltl&V^ (Bukreyev, A. et al., 1996, J. Virol. 70:6634-6641; He, B. et 
al., 1997, Virology 237:249-260) o -rtetD^Timm&Z^ ^fi^CS 

z>o fi£ot, m^m^m^xn^^mmn(Dm^nmmizm^^rzisbiz^ 
±&t> 4 km j i±iz%mzmAtz>>&mft&-otzo 

tzztzmmtLz^Zo 
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*?4)\,7> (SeV) *ftmtZ%*ffi%tZ>Zt\zmito\sT^Z>oZ<D%*m^tl&, 

'if oZtftvltttteZiUto, A. etal., 1997, EMBO J. 16:578-587; Kato, A. et 
al., 1997, J. Virol. 71:7266-7272; Kuo, L. et al., 1996, J. Virol. 
70:6892-6901; Nagai, Y., 1999, Rev. Medical. Virol. 9: 83-99; Sakaguchi, 
T. etal., 1997, Virology 235: 360-366) o #$glE#<btts <r®^£ffl^T, SeV 

^^^^¥^E^J^?)l5^^n^lx^-^-?lf5?©^ii^^»tsl:b^bfeo 

P*fi^#**8fcfto|E^W*&Eai£H BI8&&*#<fc!)iS5^P/M/HN 
fcfc^Cfe^ll&ieflHCE&U laURbfe^^;!/^ (SeV/mSf) Sfk 



WO 01/18223 

Wls^fr-Z&itz (07, 9) 0 

?U©iIT©iite^ ©«&& £ -f £ £ C:T&t©it{5^ f¥ ©&31& b ^;WT»&^ 

(1) rtvXZVtPj Jixm^j )\s7>(D>f; A±©'J>&< ti) 

(2) §5^#iIE?iJ©&^#s ^^7^;i/X*4^;i^©flil©MlK^© 

^¥n^is^j-N©^"efe^s ( i ) izmmwj jisz^tt-wks 

( 3 ) i|£¥»JK?!l©&^ F«e^©«E¥^^lS^J©> ffe©3tfc^©tgl^ 
^@B?iJ^©g^T*fe5 N (1) KUBf^-OU^^-DNA, 

(4) ^(D^^cDmwm^mm^/wmmB^mo^m^m^x^^s 

(3) ^IB«6©0Y;b^^^^-DNAs 

(5) mfc?&£V/£tzi*}imfcl L tfkMLT^Z>, (1) fr£ (4) <DU 
ftlfr \Z I31B© ^ 4 * * — DNA N 

(6) ^^£^#^A£ftTl^ (5) (D^ttlfrlzmMWJ 
;i/^^^^-DNA, 

(7) (6) m^?hMzmM<D^J JUZ^t *-Mkfrtb(DUmm 
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(8) -fe>*W 04 )\'X'<2*-'C&2>, (7) KgBtt©'***^ 

Sfctt (8) \zim<D^*-, 

do) (i) (6) (D^ttiMzmmwj )w<>7*?-mk*m±\zm 
tz&, *mmz&^z r v^^y^ frxmoj tit. n=? 

X&fy^tn (RNP) T*feotict<> $£fe;fr&£t-££>f;i/;**i : P£& 

)ix^?*-&m3immzmmLtzWi&s iwc*^t^^^«^ 

mzfttz^? v*yj frzm^j )i<z^?*-£tz&%ftZMmLTmt>ftz> 
4)w<>7$-\^ muz, xzwj frxn^j )ixcmh%nmj& 



WO 01/18223 

mt>j)lZ t ltlt|3J^li^7 ^ * y ^ )\,xm(Paramyxoviridae)(D-t 
*?4 ;i/^(Sendai virusK # y ^l/^f'M (Newcastle disease virusK 
£fc^< frif^ -HI/* (Mumps virusK W&t>4 )VM Measles virusK RS-M;!/ 
^(Respiratory syncytial virusK Q-fettj )17> (rinderpest virusK i^Xr> 
/i— ^'Ol'* (distemper virus K W7>( >7;i/jc>+f ;i/*-(SV5X th 

(Paramyxovirus) \zmfbt> 4 £fc&^<Dg§#ftT*&3«> *%W*ifilfflRriB 
£ * V^yi/^Ji^-Ol/.;* i: Ltli, W #4 t>4 ;i/*(Sendai 
virus)£J;tf t rHA2&££^ir^7>f >?;i/x>+f ij7^f li, iJ-;i/SV5:fe«fc 

"fe>^ ^-r;i/^^fe«o z.ti*><D*?4 ^Hft> ^tfifttt^ 
*5«fcVA»Wt:1ift*iife»35:ifT*D»*o DHTF (J. Virol. 68, 8413- 
8417(1994)) &0^%±t?4)\,X^ G®, Ltz* U n" 7 * I/*?- K*?4n «*BJ§ 

-K"r*E»K#J££trDNAfcjrrQ *»m§££^T TDNAj tit. -*«! 

DNA*<ttf-*0|DNA*^4Jo 

^^V-M ;i/X*4«M;u*© rjj, P, M, F, HN, &<fcTCI1S?j £ 
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HRC&©«fc5£*S3£fta 0 -fit, Natfc^tt TNPige^j fc£S3£nsci: 

l/^trn«i7^;i/^Ji N P/C/V M F HN - L 
;i/77£>r;i/XJS N P/V M F HN (SH) L 

N P/C/V M F H - L 

N«e^?t:o^rtt M29343, M30202, M30203, M30204, M51331, M55565, 
M69046, X17218, P?i£? tCo^Tii M30202, M30203, M30204, M55565, M69046, 
X00583, X17007, X17008, MiHS^do^Tti DH446, K02742, M30202, M30203, 
M30204, M69046, U31956, X00584, X53056, F?H£^ ilo^Ttt D00152, D11446, 
D17334, D17335, M30202, M30203, M30204, M69046, X00152, X0213K HNjgfc^f 
Jzo^Tte D26475, M12397, M30202, M30203, M30204, M69046, X00586, X02808, 
X5613K UtfE^o^Tii D00053, M30202, M30203, M30204, M69040, X00587, 
X58886^:#BS©C^o 

^;i/*^*-DNAIi, te^l8&BE?!l©afc&t<fcD, ^©HTCDS£^©#fc?> 
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^-^StlSo *jfc&±#pfcJ^ 08*K»£g©F»£^©«£K:]t'* 20%^ 

20%W±s «t»)j?*U<tt 30%^±, L<fct 40%feLt> 

£e>f3$?£ L<tt 60%&±{£TLT^3^*-#^£ft3o^©J;d&^* 
0O^«P> M, HN, N, ^J:V/*fett L»£*©fei:§fl*&BE?!l£, F 31^ 

©lEmttEn c a c £ ic <fc 19 * z t ifi-c £ s o ae* ©*Mt© 

flJAiS mRNA SfcttS&Sf (HR&KO ©tfcffl'&ilLTSilJfc 

tftx^Zo ztihcomm*. mz\znmmi&tz\t2\z%m<»i3&^&y)'irj 
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mfc^o^m&mm (agggtgaatx v/mmfci-vuw-mmim (agggtgaaax 
^xmm^mmm^Mm (agggtcaaa) (D^m^^ifim^m^LtzcD 
izttu m^om^m^m^i (agggataaa) (D^m^m^i&^m^mt z 

li, FM£^©$£^g$$K?y£ffl^ftt££^o #>J;U^ FjS1H^©ii£3§^#JlE?'J^ 

n=y x fp vt>4 )vxno4 )isxMfc?(Dm^i'^)i;*&^t2>z£iz\^ 

mRNA©$8St*#it;l3o Tm,lzpm<DK*Mfc?tfft&t £JI£\ f#£ft3£it 
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^;i/**mJu 04 )lZ®.?m?W.£fo*ttt), 7L<Dm>t>%BT2> aging 
it) btftilZtlX^Z (Kim, J. et al. Virology 95: 523-35 

K#fDfc££ftT^£^ aging izm^ls-ZteMfelzmttZo VJlVZm? 

tettu*mzz.tfim%x$>z>o tot, tez^KmrnmcD^mx^j 
^^mztt^ mfecDtimxmmtzztbvstztttiz (E5) 0 

is h*K P (*7*^ H(Yh'J ^7), F (7i-^3», HN (A7m-> 
-y J z> X -V— bf), &£T>*L (5— >*) g Kt^> 6 o©5I{e^#3U, 
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^;i/^^^^^^^^^-^RNPtLT^f-S^li>^ne)©MaMtt^^ 
RNPt3^l;ft3£V At, M, F£J;OTS£^tf^£ftT^ftfc£, A 

c:ft£>©^fc^mti#£Mi**u ^^©*>§^^;i/^^«^ 

8^<Oh7>^7i^J/3>KIiJ|iJffl'eS-5o #U«> DOTMA (Boehringer), 
Superfect (QIAGEN #301305), DOTAP, DOPE, DOSPER (Boehringer #1811169) & 

i)X%%> (Calos, M.P., 1983, Proc. Natl. Acad. Sci. USA 80: 3015) o 

tez<Dm%mm te&zmmmz^xm^ztz&Mixtzzt&xgZo 
stetjfrz^tt-vnmmz, mux, kmLx^z>mB*mvozftmmz 

IM&tZZtlz&b'tToZtifiXgZo ZV&SlZVXm&ZtltztJ JlZ^t 
t#A^nfc^^^-^V AliCtl^©^-rn^©jte^$:^fiLTl^fcto, 
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&o mmx, mfc* t tzmmz. xwtn Ji/****>r )\>t,^>?$ -y 
;h*%mt z>-7z>7,i y (•w^^^-DNA&^A/e^a) £ N m&no 

ZffoZtftXgZ mmitimm^ PCT/JP00/03194 PCT/JP00/03195) o 

^nw±&*>(£, mm*mxLtz*), ^z^mo^i )iz<Dmmmfci i xftm 
mz.\t7km i &uftfct?4 (vsv) ©g* (vsv-g) *m?zzt 

Z> 0 j jvz Uft(D C 4 \z fi^-T 3 x > ^ d w< ^ nz-ats *s 



WO 01/18223 

yy-4*?4)\,Xi>?9 -DNAH w X B\ te¥&*ge?«J h «s5H$£8l i: © ^ * £ 
6©^»©«LSa&^1-SiB5US:}f A-TSC (Journal of 

Virology, Vol. 67,No.8,1993,p.4822-4830) 0 ftsfcjgfc^fciu »M ;i/;*©&3ifc^ 
(N, Ps M* Fx HN. LIfi?) ©gj^cfct>7^fcli^5(3^A-r^^^* 5 T- 

s^sls E-i-siBfli mwwmm-ft&mi-mffl&mffl) £&«*©$# 
zwxtZo mALtzft&&&fc?<D&mm&, H&mttnv & {%m) izn 

ztzm&^vw&vmmmmz&bmffiLoZo wz.\z, tyyjo-ow 

#AM#*#^-f ^IIRNA©5'^(3^l>(5^(^M^^;i/^©^y A±©a£ 

ymftfiutt) c^*jifi-?&»A-r4o c©cfcaic, ft&afc^©»A&g&> 

^afe?©/?rM©S&3ifi£*#afc«>fc\ SfclKfStO-f W^K*3-K 
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ti-r^c^^T-^^c t7u--ytry-j hit, mz-temmmmommmnttz 

^3lf£^^*1-§^x.-b>^*^^^;i/^^^^-(±, Kato,A. et 

al., 1997, EMBO J. 16: 578-587&t>*Yu, D. etal., 1997, Genes Cells 2: 457-466 

25i«//zm±©*£-e*m&ttWK*-©:77;* ^ K£«tBT*£3Z:£#$?3; L 
A-rs^&^JlZiioT^-rSo BWi:"rScDNAJilSE9y(0*K:NotIB«»ffi 

mzmkzvti:^£5izi&mmm*&£L, KotmGL*^isbVfc4kLx#< ztv 
»t z.(Duni^^pm<Dmi^m^^?cmz^[)mm^t^omm^titz 
mftomwifiikoti&tiLt u <* tz\,z-mz*>y4 ^-ov^onw-m^n (e), 

^£@B?'J (I) £l>'3£^#iIB?iJ (S) (EISiB^J).©3bf-^^iJDf ZtztblZ, Notl 
©JK^^tOifSPffiEyJSVte^feE^J (E) N {DRimZWtoJfffl (S) 

wi\*. 7*v-m&fflmmm&. muzzzwmz&mtztzMz 

iziZM<D2l>X±(D?7l>#3-Y (#£b<fiGCG, £££>W&£©NotIt2J»& 
S*©E0J#^3:ftfc^4ffig N BCflF* L<&ACTT)£MiRU ^©3* <U (3 Not I 
f2J»&gcggccgc£ftlJDU £ f>(Z^©3'-iI(C^^— V-MWh l/tffii©9ffi 
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&£tz\* 9 K 6 ©fg»£ifl;lfc»0ffi££ttlfl]U £ ^^©3'WimMCcDNA 

-So «&©&S(iG£ feiiCi: & £ i 5 £!*/M©cDNAfr £>#J25J&S£31JR IT7 
* «7 - K {Ml^tf U 3DNA03' ©jfcJSJfc-rs^fciWSU^ 

U A*-7#J^$DNAIE?iJ&5' fcffit© 2 &±©7 7 Utff- h* b < fcfc 
GCG, *<tVGCCft^©NotIBIiffl(fi[**(OBB5ll* s ^*n35:^4<aa^ £ b 

<i±ACTT) ^CD3 , #J^NotI|^a5^igcggccgc^j!JPb^ ££>£^©3' 

fflStS^*W«S-r<Sfc«>0»AWffr©^- U iJDNA^^jjnt^o £©# 'J 3DNA©JI 
£HU NotIg«Mlgcggccgc£^#>, cDNA©ffl»«ttlSE5Uh»J£"rS-b>^>r 

;u*£S*-r3-fc>^ -)-fj^^;^©E I Sffi£iB7!l©£tr#6©te» 

H&S «fc-5t^ai»&l9!Sf-r?)(VNt)i9>S r 6©;i/— ;Kruleof six)j;Kolakofski, 
D. et ah, J. Virol. 72:891-899, 1998) Q £ fcklffABftf-CS'fcC-te 7 
>Hl/;*©SBJ^J©ffl1t8IE?!k b < «5' -CTTTCACCCT-3\ I BEAK £?£b< 
l£5'-AAG-3\ EBE7!l©ffl*li&BEflk Sf * b < tt5' -TTTTTCTTACTACGG-3\ £<bt3 
*©3' WcmM©cDNA&?iJ©ifMi] h* >fr&«£tt*Ttt25Jfia£ffli5©ffi»8© 

fifctf U =?DNA©3' ©*JS £ * £ o 

05iK> ExTaqtflM^-- tf (^SM) £ffi^£>If;©#&£fflV^ £ 
£#T*££o #£b<JiVent#l>7^--- tf (NEB) *m^xm\ ttfibfc@ft®T 
Mi£NotIT-#Hbb£^ 7"^7S. K^7*-pBluescript©NotI^i{Z^AtS.o 
n £ft fcPCRjtt7©HS@e?iJ £ *>-7 x >-tf--T*5tE U IE b ^I2?'J©7^ 7s ^ K 
ZMtRtZo £©7^7^. K^5>Jf AifM-^Notl-etU^ffibs 7 1 7 AcDNA^esif 
7^7 5; K©Notia5{4^7D-->^-r5o^fc7-^7 ^ h*^7*-pBluescript 

tiznotmmzm&mx u mmz.-b>yj 7 4 ^cdna^s c ^ & rj 



WO 01/18223 

(Di: *i^0r^>*7x^3>f£3|#*iJfflT'£So DOTMA 

(Boehringer), Superfect (QIAGEN #30l305) N DOTAPs DOPE, DOSPER (Boehringer 
#1811169) ftZifimibtiZo <X>fcbTtt«*«y>»*;i/^*Afc^fc 

lzm*)&£hZ>tK &ftlZb+fttjim<DdMifiXZZ tifimbtiZ^Z (Graham, 
F.L. and Van Der Eb, J., 1973, Virology 52: 456; Wigler, M. and Silverstein, 
S., 1977, Cell 11: 223) c Chen*5«tV0kayamatt h 7 T-ft^<D*Ji'fb& 
tftftU 1) «£&*#Jg^G!M >^o.^->>3>^$: 2~4% C0 2 , 35°C, 15 

-2mm, 2) mkimmtt&r)mtt<Dt>(Difi%i®itim< . 3) ©dm*! 

jg# 2O~3OAg/ml0££«&&ft$#f#£ft££$8£UT^3 (Chen, C. and 



jg PCT/JPOO/06051 
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Okayama, H., 1987, Mol. Cell. Biol. 7: 2745) Q -Mftft r 7 > 

^7x^y3>(:lltl^ 0 *<(iDEAE-7 r Jr^ h^> (Sigma #D-9885 M.W. 5 

xio 5 ) m%L*pftm<DWkmm&x~mmL, v^y^y a 

IfcSfcfcl^DD^y^MI):^!-^ (Calos, M.P., 1983, Proc. Natl. 
Acad. Sci. USA 80: 3015) o ®<Dlim±m%mi&tW «ft3£8r^ W31iR 

>ISIilA J jabTV>So $?ifi£te SuperfectTransfectionRagent (QIAGEN, Cat No. 
301305X £fcti DOSPER Liposomal Transfect ion Reagent (Boehringer Mannheim, 
Cat No. 1811169) #ffl^£ns«, 

■cDNAfr£0<W;i/;*©SfllJ5KfciU &»©£8s&fflVvCfr$C:i:#T?S* (Off 
&H97/16539^; @P&&B897/16538^; Durbin, A.P. etal., 1997, Virology 235: 
323-332; Whelan, S.P. et al., 1995, Proc. Natl. Acad. Sci. USA 92: 8388- 
8392; Schnell. M.J. etal., 1994, EMBO J. 13: 4195-4203; Radecke, F. etal., 
1995, EMBO J. 14: 5773-5784; Lawson, N.D. et al., Proc. Natl. Acad. Sci. USA 
92: 4477-4481; Garcin, D. et al., 1995, EMBO J. 14: 6087-6094; Kato, A. et 
al., 1996, Genes Cells 1: 569-579; Baron, M.D. and Barrett, T., 1997, J. 
Virol. 71: 1265-1271; Bridgen, A. and Elliott, R.M., 1996, Proc. Natl. Acad. 
Sci. USA 93: 15400-15404) o Ctl^O^CJ;^ 4 >7)1^>V, 
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-m&mtts24'Kti>t> 6^Jg©7^;^y7 7l/-h£fc&100iniiK<. h UJD1 
±T\ 10%Oiym^mmS)^^m^m U00 units/ml ^xv«j>G££tf 
100/zg/ml X hl/7b v>) £^tfg'>£^i£ife (MEM)^ffll^Tit;i/WIl* 
*M«LLCMK2^70~80%3>7;i/a:> H3ft3£T-tgaU fll;t« Ug/ml 
psoralen (V7l/ >) U«»Mfc20#fflSWMfcLfc, T7*'J ^ 7- 

•&%%mtZ>%&Wk?L r ?ti<'-7^<<)\<Xvm-3 (Fuerst, T.R. et al., Proc. 
Natl. Acad. Sci. USA 83: 8122-8126, 1986. Kato, A. et al., Genes Cells 1: 
569-579, 1996) £2 PFU/«T'^^#^ 0 1/ >©*llD«*5«fcTJ c UVjSi*fiFffi| 
tt»:t»!fi"r*;i*:#T*£<5 0 JS&MSiagL 2-60Ag s <£r>$?i;L<&3~5/zg 

©±§B©*a&;t-tr>#y «7>r ;i/*cdnas, ^-t>^^ ^^^y^A©^!: 
&m*V7>zizttm?zv>()\<x9>rtt7n*%mtz>7 : 7XK K(24-o.5#g 

©pGEM-N, 12-0.25/zg©pGEM-P, :fc <fct>*24-0.5/zg©pGEM-U «t t) 2? £ L < fi^Jx. 
«l//g©pGEM-N N 0.5/zg©pGEM-P, 43«fc t>*l/zg©pGEM-L) (Kato, A. etal., Genes 
Cells 1: 569-579,1996) £:#£Superfect (QIAGENft) ^ffl^fe'J*7x^y 3 

^rlCi t>100#g/ml© V 77>t^» (Sigma) Stf^ hi/>77bVi/F 
(AraCK J; D£f * b < te40//g/ml©^> h ^»77 tV ^> K (AraC) (Sigma) ©# 
£^tr Jfll?i^^©MEMT*tg# U 7 7 >> - t 7 -f ;i/7C £ 3lfflfl&S4x£«'>f;: if 
to^-r;i/^©IlIiR*&ft^-rs«t'5l3|lffi©Sai»JS*l9:^f'*(Kato, A. et 
al., 1996, Genes Cells 1: 569-579) c h 7 >7 7 x 7 3 >fr £48-72 BfP^a 
«£[UJKU mteltt»4 3|aI||t)>gLTijaiia&»^Lfc^ LLCMK2 
h 5 >7 7 x 7 ^ a > UT^#-T Z>ot%m 3 ~ 7 B^(Z^#M^IIliKt So 

7*-£ffiff]&£#£lcyu x>^D-7*^>^ , ^W^^3it-5LLCMK2«& h 
7>77x7ya>Wt5^ Jfclii>^D-7M777^ h*£&£ h 
7>*7x7^3>1-*l£J;V^ h7>^7x7^3>*ffofe$ilia^x 
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tim*4w<9 9-itmm+*ztb'cii* mm&m%^ pct/jpoo/03194 
pct/jpoo/o3195#m)o mm±miz i £&tiz*<( )iz-hm\±fttam&*% 

mWi)*Mfet&Z£.lZ& QfrfetZZttfXgZo HAli r e ndo-point #|R&j 
(Kato, A. et al., 1996, Genes Cells 1: 569-579) b&fet £ CI £&X% 

CVI«^>LLCMK2|fflJ!S, >\ A*#-WS5fe©BHK« N thi«^mg#i 

(*S<b8§ (1993)r#a^«Jf^(D5fe^Wro r3-;WII,#*#««MS£8 
,J*£tt,*R,PP.153-172)o Hftfttfi, flUtf, g|ftW&tt*S£V>ft9 
~12S^ 37~38°CT-Jg#U ES^^-frSo 

*;Pt*o.-a,PP.68-73,(1995)) 0 

a£«fc?^ }g;fHi\ U#>r\ SSFfr^s 3;fcfct*fte>0»fJ{-#£*ftT^ 
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ztz, m(Dmmm^fem%}mz-mibz>tztb^ ztDftrnz^ztiziyj )\,xm 
fc i ?-tfi$L£$tifzt)(DT:&-ox ; b£^o mfomzit. mz.\z®mmi-X"foz>mfc 

(hemagglutinin) rSt£ t J 4 7 ^ - V-H 
(neuraminidase) £©^#©rS4* £Wf %hK m(£fu# ©r£t££if#>$<r 
£ #T* £ J&^T © ^ ^ ©££t$£ |qj± £ -if -5 Z t IfivSmx- & 3 5 U 
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mn^^^MB^M, mm (ex vivo) &-$\z£zmfci L %m(D^Tti(DJj& 

nfift<, MSM^^-K-r^^^ijnx.^ 7>^>*£fcttu*-»f 
^ae^tbttt, «f^iwiRtt&v^, %m<Dm&ntLxi±, 

■c«3S"raa*L<ftv^ae : ?©«i6*#iiiW"r*ci:*T?**o «#RitBft#« 

mcDmbtix^z&fc^ 09*.«ada, cFTRft£©3t£M»**a-r*fc^3j& 
^?tuD*n\z%ux%, *#6«©^**-ttRNA*$v a^u zombis & 
&£nx&i*tt(D&fc?iz&wzm£t'bmftte\<^tz&, ftmmommizmmt 
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&Bj§©^;^^*-££S£H7j<^ij (pbs) ^if-c-jai: 

mites pSeV18c(+)©«^^N0RF©TM«^©;i/^7x7---ifite^©ffA© 

«s*^-rE7?**o Notiaj(ft*^tf«tat»!W-Lfeiafis©wffr%, as&^ji 

«fc 19 s pSeV( + )*©SeV$V A©3' & 1698ti£~1699{ft©|ffl£Jf A t 

tz (Shioda, T. et al., 1983, Nucleic Acids Res. ll:7317-7330) o Z(D&m% 

£pSeV18c(+)h£ttttfco ^>7i7- t?«£iP©0RFki:, pHvLuc-RT47°^ ;U h* 
(Kato, A. et al., 1996, Genes to Cells 1: 569-579) %&m£VX> Not I* 
^^ft^fe4|l©r^^-7-(ESn/NotLr,ESp/NotLr,ESf/NotLr,4Dctt>'ESl/NotLr) 
$ffl^TPCR£<fc!)Jilgbfco £©<fc5£LT> ;U^>7 tf$l£?0$fc«£ 

NotlT-SJirU, pSeV18c(+)©NotIgP^{Z^A Ufco ^S^nfc7*^7^ K 
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P SeV(+)SnLuc, pSeV (+) SpLuc, P SeV(+)SfLuc. &<fctfpSeV(+)SlLuc&/Bl^T , * 
fl^fKDWSkX.W- SeV/SnLuc, SeV/SpLuc, SeV/SfLuc, *5,fc tfSeV/SlLuc£##|^ 

|g|3te, SeV/SpLuc, SeV/SnLuc, SeV/SfLuc, *5ii;SeV/SlLuc^^0^v'7 ^ 

7— &<D%$L%7j<-?m-ehz>o rnkz-V-i ^**noi io ( P fu/ceii) r*cvi$w&^ 

tikXVJ ;V**noi 100 (pfu/cell) T?CV1»^SL, v^n^dri^ 

@5ti, SeV/mSfO^Mji^ (kinetics) 5:^1-07? *>3„ -J£ttmiM 

Sr^jUtt, -tJx^HF^feit^SeV/mSfOpfu/nlSr^-t-o 

®6tt, SeV/nSfOlBia*ttSr*-r9JI'T»*>*. h y 7°^^#^ET(+) 
#&T(-)T\ 8?£M£fciiSeV/inSf£moi20(pfu/cell) T'CVl»(-«$-frfe 0 

SeV/iififS:««!$*/t:CVl#MaSr, J&&&$ * ^^^(hr) fc v P, 
Lfc 0 mRNA©#g£y/ b/T^V J A RNA (vRNA) (Dftg&a't'fc^Lfc. 
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B^SeV£fcteSeV/mSf£moi 100 pfuT*CVl#«M&!$ it/to ^S^12 

BlOtt, ^a*»»tt*«n»J:S3»t5»4a(SeV*5j;trSeV/BSf©3R'&Ty-t 

^©iMA^RNA C£) Sr^-f-o (B) 10 4 (SeV/mSf) fcitflO 4 (» 

±mSeV) pfu/#P, Sfctt 10 4 (SeV/mSf) *5«fctfl0 2 (i?£^SeV) pfu/|P"Cg?a 

K^-Te rgF^SeVj *3j;tf TSeV/mSfj te^ftm^IE^J^ifST^S^lftT 0 

HIl 1(1, ^MSeVfeit/SeV/mSf^^^-frfcjEfrBALB/c^^^fci^ll 
?r^i|-t"^BALB/c (nu/nu) £*<0#g#;&P&^1-B|-?*>5, SlffiWr 

a^TS*?***©*^* ao 4 ^bio 7 P fu/^r>^) *mvkistt 0 

1211 2tt, BALB/c^^&.tlflBALB/c (nu/nu) t ? * <7)W^ £: Bfo V << As* 
^f>©^^7.M^ 0, 1, 2, 3, 5, 7, &£Tf9 BfctoRU »Oli^3 7 



5S W fr *t'fr<pm&<nw,m 
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immm 1 ] iii^/^«ii^^7x # r y-t>f 

eo^it^^l 3 , 3o (p, m\ &<fcUW (Dfc^mithmmt 

3' -UCCCACUUU-5' tctiK N, F, 33 <t UlOlfefli, Ztl^tl 3' -UCCCAgUUU-5\ 
3' -UCCCuaUUU-5' % }3 £ I>* 3' -UCCCACUUa-5' "Cife 5 (@ 2 ) 0 " £ tl h <D frT j^fttB 

&mm^fflmm<DmnTk^7*7-V*ft&-t2>SeV/SpLuc, SeV/SnLuc, 
SeV/SfLuc, SeV/SlLuck%tttftc4'0<Dm&%.SeV%Ml : <D& pKLTffr&LfCo 
1 - 1 . N ORFOTM^ASBteOftsfiE 

SeV<DT^^yy A^cDNAr: Sr^tf^y^ ^ K pSeV(+) (Kato, A. et 
al. , 1996, Genes to Cells 1: 569-579) £ N ttiUMt LT, 7°7^^ KliU 

9 ttj Lfc 0 NotlffilRB^aittglMttSr^tf 18p? * K (5' -gagggcccgcggccgcg 

a-3*/Efll#*: 1) Sr. mte+W K«« (*#7M ^i?>-*) 

Shioda, T. et al. , 1983, Nucleic Acids Res. 11:7317-7330) (@1) 0 jfAtts 
PCR^^tycM ; li7 P 7-l'^'-#^& (Ho, S. N. et al. , 1989, Gene 77:51-59) 
\Z£ZmL®g&)£gmA&%m\ *nmz\ttffi (Hasan, M. K. et al. , 
1997, J. Gen. Virol. 78:2813-2820) \Z'&\,^fio1t 0 HHSSfclft^a t , MM LX 
V^18^^ \s1r*f F<DJfc$$ii$:^-fZ)2'D(D7*7'(-?~- (NmF; 5' -gagggcccgcggccg 
cga l699 TACGAGGCTTCAAGGTACTT l7l8 -3'/ia^J#-^- : 2$5£Xf NmR; 5' -tcgcggccgcggg 
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ccctc ,698 TGATCCTAGATTCCTCCTAC 1670 -3' /@B^IJ## : 3 ) % 2 o (D^Zfy 4 ^ 

— (0P1 , 5' - 6, CAAAGTATCCACCACCCTGAGGAGCAGGTTCCAGACCCTTTGCTTTGC 10S -3' /gB?IJ# 
t§-: 4jd£Tf 0P2, 5' - 2467 TTAAGTTGGTVAGTGACTC 2449 -3' /gE?U*# : 5 ) t fc„ 

HSUCpSeVW&ffl^T, ^-fOPl/NmF^y-CT-^J-, *5i tfOP2/NmF^ -r— 
-CPCR£m\ -ett-ettl. 6Kb *3«fctf 0.8Kb^»f>/tSr#fco flHKLfcl. 6Kb*3 £tf 
0.8Kb<£>Bfr,>t£#|MK:, 0Pl/0P2y7^-#£fflV>T|52tf>PCR£tTV\ ^fe018^ 
* K£^tf2. 4Kb<7)^-^^ K&#fc. 2. ^bOJWtfSrHHKLT, Sphli 

Sall-e^Lfdo P SeV(+)7 P 7^^ KS: £ *l£>tf>g#iif £ iot, Ztl^tl. SeV<7* 
7 A<D610^^2070-|S:^^i-5^fiT^^f Lfcio #*bftfcl. 47Kb<Dgfr,lt<7)IB?iJ 

SlftDNAv—^^f— AFLII (Pharmacia, Uppsala) Srffl^TfilfgU t> ^ t> 
t©pSeV(+)^JC&i-S»f>t^g*bfco rwi^iat, N ORFOT^l-^-^- 

(Hi-©) IWIW*<WftS:*tppSeVi8c(+)S:«^tfe„ 
^fifcLfe^^/^Ogifttt^lMlllBt) pSeV(+) ir^-efcofc 0 

pHVlucRT4(-) (Kato, A. et al. , 1996, Genes to Cells 1: 569-579) t£^£ 
tlZ>fr#/U (Photinus pyralis) &%k<D;V*yy =. y — if 3H5^£\ 4^itf>&fc5<E 

4 O^JlK^fR] 7°7 ^ — (ESp ; 5' -TTgcggccgcG TAAGAAAAAC TT AGGGTGAAA GTTCACTT 
CACGATGGAAGACGGCAAAAACAT-3' /IE^IJ#-^ : 6, ESn; 5' -TTgcggccgcGlAAGAAAAACT 
TAGGGlcAAAGTTCACTTCACGATGGAAGACGGCAAAAACAT-3' /lE^OS^ : 7, ESf; 5' -TTgc 
ggccgcG TAAGAAAAA CTT AGGGatAAAG TTCACTTCACGATr,rTAArrAnnrTrAAAAArAT-^' /pF.*l|# 
: 8, *5<fcT*ESl; 5* -TTgcggccgcG TAAGAAAAA CTT AGGGTGAAtG TTCACTTCACGATGGAA 
GACGGCAAAAACAT-3' /IB^IJ## : 9), ^tlCl OO^I^Ip]/?^ (Not 
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Lr; 5' -TCgcggccgcTATTACAATTTGGACTTTCCG-37IB^J#-^ : 10) fcif ffifclJBV^. 

hX\ &fc£tltcfr1Z (intergenic) h V % t Visr 1 ^ KSrM^J^O. Ti»0*V> 

KzL——?t£Jl? U^"f- KSr^f. ESp/NotLr, ESn/NotLi\ ESf/NotLr, *5,fct*E 
Sl/NotLry^-f-^-M-eiiifiL/cl.TKb^KlT^ilr^Mt, NotlT'^OBrU pSeV18c 

(+)©Noti»fi[tegs*ALfc (Ei Do ftll*«»»ttfflv^fc^E^Hi^fes^J^-ttv^ % 

*r*l-£*lpSeV(+)SpLuc % P SeV(+)SnLuc, pSeV(+)SfLuc, *5 £lFpSev(+)SlLuc k% 

1-3. cDNAfl>k<Pft^/l';*rogflHB 

cDNAd^^^^/l'^OSfli^ttx^W^ttXitCKato, A. et al. , 1996, Genes 
to Cells l: 569-579) KfEg^^fefclftofc. fS5¥(-^-<5t, WB&c&to'fXs 
— b fclLLCMK2>ftB US & 2 X 10 6 X*Wi % , 2 PFU/cell <Dmoi V V t >~ T V 4 

(vaccinia virus; VV) vTF7-3 (B. Mosslf ±X 9 &4 (Fuerst, T. R. et al. , 1986, 
Proc. Natl. Acad. Sci. USA 83:8122-8126)) %$(Pk£"£tz. 0 ^<D^ Wfa%tz. 

imm*mALtcpsev(+) io Mg ^ v s 7>^\z.^m-f^^>^^m.m^^-Y-r 

Z>77*\ h\ pGEM-N (4j*gh pGEM-P(2m gh id <£ t^pGEM-L (Aug) (Kato, A. 
et al. , 1996, Genes to Cells l: 569-579) ]) # 7 =. 9 is s ^^^DOTAP 
(Boehringer-Mannheim, Mannheim) %fB^XW\f%\Z. b 7 >X 7x^ Lfc 0 VV 
©«BIS»ttiS*/hi*9, ??«jR©ifcWS**^*SJ:5, *Wiat440/ig/«l © 

araC (1- /3 -D-arabinofuranosylcytosine) £ 100 £i g/ml<£> U 7 r ^ f^^Sr^tf. 
rtLm^©MEMfcT8t# LfCo h7^7x^^> 3 >40^^^^jNBJ8aSr|HlHX L, ft 
ft £ fftt&3|al|ft «9 3g Iffi U 10 0 g L fc.&il 3 0 & s 

L «t ?mW.*^$SLY,tc 0 WSLXsltVj As*<Djlto\i. s XflUKato, A. et al. , 1996, 
Genes to Cells 1: 569-579) t£t£V>$j£U *J&L3«3Hffi (HAU) <bPFU/mlT^ 
tfc 0 10 8 ^f>10 9 pfu/ml<DH]ltRLfc:SeV^tflPOLa: ^^^^^^S^W 
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T&ffl LfCo 
1-4. 

^WiiS*^«mcM24Q<J;TKVi(i x io 0 /o<z) ? ^jftJSjfii»Sr^tf*/h^ 

(MEM) t37t1?««Lfc. rttbOJBBI&^S^lC, cDNAd^^«HI$* 
tz.$tmtV4fr?s% moi 10PFU/cellT«$-ti:.ifiL?f §r^^V^MEM-ei$*tfc 0 
cDNAa>kff18§l&*fc!9£MSeV (ZflO (Kato, A. et al. , 1996, Genes to Cells 
l: 569-579) b#BtLXm^tc 0 

-<mmmmtm^t^mmLtc 0 ztnz, :fc*k<iito$ftfci,728jfi£©*fc 

^tdiSfc^^^btlS (Hasan, M. K. et al. , 1997, J. Gen. Virol. 
78:2813-2820) o 4 MOU&Z. $4 frX<D*PX\ SeV/SfLuc^&SldSftkiiV^r. £ 

>VZfV—yq*<D 5X10 5 ce\ls/V*;V<DCnUMZ.&*t£$ t VkfaX'V'( (1~ 

300 P fu/») Sr«Jfe$*, SeV©/uv7*9— £?Stt0>383lfcatl£bfco -0© 

JtmiM^a^frs&tt-ctt* tffttt o, 6, i4, 2o x fei^26^(cgaj^^iHi 

(Promega, Madison) &fflV\ J ^—f— (Luminos CT-9000D, Dia-Iatron, 
Tokyo) t£<fcoT;$C$K (Hasan, M. K. et al. , 1997, J. Gen. Virol. 78:2813-2820; 
Kato, A. et al. , 1996, Genes to Cells l: 569-579) Kl|Efi0>#ffifcfl6oTth 
$ILfc e 

S$tt5yW>7*7—tfStt©±#dS«l85$tlfco ASStHffi (moi) lOTCVllBjaiC 
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ofc 0 JSBfl&d*^TRIzol (Gibco BRL.N.Y.) £fflV^TRNA&#3ffi Lfc 0 RNA^r^^y 

0.9%T#n — .x-jfcA^T 5 K/MOPSyyU-cm^KlL, Hibond-N7 .f/V*- 
(Amersham, Buckighamshire) ^ 3r fc? 7 !J — * h 7 7 7 — Sr^rofco 7-f 
/l^ — fc£ x multi-prime labeling kit (Amersham, Buckighamshire) ~Xs 32 ?y^<^ 
Ltz.Zfn-Zf%m^X^<<Zfy y*ftitc 0 /W*?- i^P- 

LTIi, Narl/HincII (1270bp) Brtffc, pHvlucRT4 (Kato, A. et al. , 1996, 
Genes to Cells l: 569-579) ^bfflLtffl^t ^O^H, /Vv^7 * mRNA 

r. fi h <d z. b 2» £ % a- *yy * 7 — £orf<d it M ic^A b fc^jsfc $ ftfcte^l&igBB 

mzte^Xits SeV/SlLuc^^L^J^^frtii^V^tttr^t, SeV/Sf Luc fcflB 
IfeLfcjHBlia^SfeffiV^ttSr^t^: (0 3) o SeV/SpLuc£SeV/SnLucteSeV/SlLuc 

toJ&tzm&z.yS ^da^.; KSr^UPi-SlllfeSr^To^. 
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-tZMitf}) *7—V\Z£<) VJfrXVtBM (primary) m^<Dfy&?ft>tlZ>o 

100/£g/mlO'>^n^^->* K (Sigma, St. Louis) #£T"C 12RfrWJ-0"*»'< 
- h bfCe *M&«rl§|iK& x ±fE©ii9 ^>r/^RNASr1WllU ^^7*9— ^ cDNA 

ssmaswat fc (m 4 r) o # 9 4 fr* *&yk ^tcmm-v(Djwyy ^y- 

6 o^ate-?© 5 *> 3 oT#ii UT^5SeV/SpLucK©1E?HI*feiB?!lt?© 
{|ST*^Jp>fbt^Co -t©^, SeV/SnLuci3j;^SeV/SlLuc^«cD^v'7^7- 
i??gt£te, **l-ehX>.86*5.fctfl. 19T*>9, SeV/SpLuc£«#IW-?fcofc 0 -til 
U SeV/SfLucfciaft t^^t^M^^O^T^^O. 24Tfcofc 0 

»fc^3!fc:ftgLfc*JW*SeV (SeV/mSf) «r#T© J: ^fc UTfWU -ttfMSSi 

3-1. F»g^<PtegBflteB3]ffafeg3;h^4^SeV cDNA<P^Ji&(PfE%l 
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itftLfc. £f\ pSeV(+)£r> BanIIl£fflV>TSeVyy A±<02O88&£5333{fc££J 
$tU 3.4Kb0^f>i-^pBluescript KS(+) (Stratagene, La Jolla) <0|^ CfBIPfiB 
mmffiUmzft? u-yfcL, pB/BanIII£ffeKLfc 0 *<D'&, PCR-mediatedJt?£ 
^7^v-M)£ (Ho, S. N. etal., 1989, Gene 77:51-59) ^ffll^T, ±|Et 

( mGSIF ; 5' - 481o CTTAGGGlGAAAGTCCCTTGT 4830 -3' / IB #1 # f$r : 11 *5 <fc Xf mGSIR ; 
5' - 4830 ACAAGGGACTTTCACCCTAAG 48I0 -3' /gE?IJ## : 12) £ 2 ofctfMBO:/? -f (M1F; 
5' - 3931 TACCCATAGGTGTGGCCAAAT 39SI -3' / @B 50 # % : 13 *5 £ Xfi T7; 
5' -TAATACGACTCACTATAGGGC-3' /SB?IJ#-^ : 14) £-£$Lfc 0 T$£tt{tfc;£3=te, 
g£ £ $ A L fcSPtt & ^-t. ©PCR ItiSil TpB/BanI IlSrfflV \ MIF/mGS 1 R 
•v-^J-*jJ;OT , 7/mGSlF7 P 7-f-^-*}-TffV\ Ztl^tlO. 9Kb*3«tt^0. 6Kb<£> 
$r>i-£#fc 0 ^fr<b02o<7)Blrtf£MMU £tM£LTffil^T, 2® B ©PCR£ 
MlF/T7:^-f *re?TV\ 2KD%>7 U^KO^SrW-t"5. l.SKb©^— © 
Brtf^fco :©i/ifflL, Banlll-C^JWfL, pSeV(+)(7)fRlC$iJPS^^M 
ttfcfS^n-yfbU pSeV(+)mSffcfftKLfc 0 ^n-^fcbfcE^ti, *££gE?iJ 

^©i|5itSrCVl*|B|ia ; S:fflV>-CW^i £ 5,SeV/mSf Wt^KSeVJ; «9 

ZtlbOZtfrtb, SeV/mSf joV^T ttftU@tt&ttdSig M LX\^Z> Z b&Wbfrk 
Kotc (BI6)o 

3-2. SeV/mSfQjtfc^i*(P5S3?. 

»^S!SeV, *J;tf«*SeV (SeV/mSf) & moi=10 T^fc£itrfcCVl$BJfetf\ J& 
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Pstl/Pvul (1189bp) Wr)i*pGEM-M>bmM:LXm^tz 0 P^n -T^M Lttt, 
SmaI/SlnaI»f>^'0792bp?^pGEM-P^^^IMtTfflV^fCo M, F, HN, &J;tft:/n-y 
l:Httl4, -ttt^iXNdel/Ndel (878bp), BamHI/BamHI (902bp) % Seal/Seal 
(1108bp) % feiU^BaniHI/BainHI (1654bp) ffiKZ. pSeV(+)*»?>ltfilLTfflV , »fc 0 
121 7 (^i-«t 9 {CI, SeV/mSf ©F*3«ttafe^M«5tt, IF££!«:«8j 
Ws^<tfeffi$^ > Wbd^^KV^U^UcftLfc. Pfeitm^jg^t, SeV/mSf 

x^^^ny7^^J; DlUffbfc, 6^^<d^u- hvmMZ 

ttzCVimm (2X10 5 ) fc % m±m%tcmeV/mSfZlO moiTJoBfeS*, 
**?*4l$WH:S»Wfi*liliRLfc. 3S'fr#l»fc: J: &*BJ&«rifcJR$'*i\ ^na<D-<u 
? h&$£#&fcl2. 5%<£>SDS-PAGE (Laemmli, U.K., 1970, Nature 227:680-685) 
"CAWtU fetSeV^f-=¥jfiL?f Srffll^T, Xjft (Kato, A. et al. , 1995, Virology 
209:480-488; Kato, A. et al. , 1996, Genes to Cells l: 569-579) \Z^M<D^j 

RNA£& ft U JblE<£> / — !f ^!im-^3^i:j:5 fl¥*Jr Lfc 0 W -f V 
f^XLtc^l/ hlzStLtlZZJ**?; ARNAO^tt^ttSr, BAS2000>T^ — 
VT-ryJ-f— (Fujifilm, Tokyo) &^Tfl?#Tbfc e ^SeV}^ 

FfeJ:T^me^^m^ii^^tt,Nfeii^a^«ii^$n/j:v>^v>5m 

(89). zfrbomzkfrb, ^©Fa^te^w*&E^j©f?iB 
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n>%mt& < ,F*te^»* <DTm<D&&*m<D%m* mm\^mm £ fix v > a r 

s<j\»&±%Ltcb%%.bfiZ> (@7) 0 Bl7d»e>t>*>5J;5l^ &£S»SeV©$2fe 
-CmRNAiS «t t) ¥< $ *bfc#, CixttLJt^OlSm^iiJP L1t1t$> t Bt>fl 

[HJfefll 4 ] $BWJWP"C<&IEP&a!SeV £ SeV/mSf OStt&ttft 

CVljRMS-Ctt, El 5 Lfc J; 5 1 SiSJffltt^Wi&^tCttSeV/mSf tJt^If 

(successive co-passage) X^X^WtMM £"£Z)0iftX\ —1S'&1ll&j3%WM'tZ>fr 

tf2o©|§f^PII > SeV/nSffeiW^SlSeVSr, ^rtlflllO 4 pfu/egg*5 «t 
t/10 4 pfu/egg-C|R)NF^Mbfc: (10 4 : 10 4 ^I)o m<DmmV\Z SeV/mSf *S <fc TW 
£MSeV£ N •?:tl, ; e f tbl0 4 pfu/egg*Dj:mo 2 pfu/eggT(U^^mbfc (10 4 : 10 2 ^ 
tt). &W3BftfcLj:5JRJR«riaifcU i(r 6 {::#^ 0. lml^g? U^p^fflfc 
SLfc 0 r*l*>tf>fSgHlJi lOlU^T^ft/Co #LJ: 5£fl£a>£>TRIzol/LS (Gibco 
BRL, N.Y.) fcfflVvC, HJfe^Jl t^tC^^/^RNASrttWU, 2*a<Z>4$&ftft 
:/7^-*f£ffil^cl *^y:/RT-PCRifcfc«fc 9iB«U L i Sf&K^JffcL 
^^^/^^^ N #^^7 B 7-r■v-^^fflv^y u cRT-PCR{c:i D¥J£*ttK:j|8j£Lfc. 
low/y^^li FJie^^^SKE^W^ia^I (AGGGatAAAG) SrtoJWK" 
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(AGGGtgAAAG) & h lWrK<Dfr*i%ffii'Z> <fc 0 £ Ltcim 1 0A) o ^ttttfctt, L 
X Superscriptll (Gibco BRL, N.Y.) fcfflVvT 

50^^30^^, HvM7°7-f (5' -^^TTTTCTCACTTGGGTTAATC 4467 ^' /IB^(J#^' : 15) 
t?a»(E9$*, 2^94 < CT'fi«$^fCo SeV/mSf0^m{CoV>T(i7 P 7-r-v- 
HvM*5j;U ; GS2WR (5' - 4836 GCACTCACMGGGACTTTca 4817 -3' /IB^J#-^ : 16) £fflV^T, 
J f: H 4 i SeV © t tU C o V> t ft / 7 ^ v — HvM t GS2MR 

(5' - 4836 GCACTCACAAGGGACTTTat 4817 -3 Via?IJ#-^ : 17) &fflV>t\ 3tiK (Kato, A. et 
al. , 1997, EMBO J. 16:578-587; Kuronati, A. et al. , 1998, Genes Cells 
3:111-124) iZtm<Djjm^1&iX, cDNASrPCRId £ «9 MM Lfc 0 

Hi OB^-f J; 5 ^ io 4 : lo^g^IMfc^Tte. m£M? J J*m\E}3<DM 

fVCiB3fcU 10 4 : 10 2 <£>^tf;i:io^-Cte, 5lHlgT'm^-r5^ t^JB^L^Cc *f 

<thW (inovo) ^fflV^yc:#Mml^^^*5V^T{iSeV^M^^lJTii^V^r 
[MMM 5 ] T t> * ^*3tt 5SeV/mSf (D^Mtt 

MSeV/mSf^if^J; 19 t>-P-<^^U. £ V M^ffiWMZ^-ffrZM^tc,, 
SPF (specif ic pathogen-free) (7)331^ BALB/c^ X$d£Tf 4mffi<D*—\?-? 
BALB/c (nu/nu) £ 0 ^Charles-River^ ^>IAL, ^-f^^H^^L 
fc„ ^?*£^-x/VTig<$cgiU S^M£fc«:SeV/mSf&10\ 10 s , 10\ 10\ 
*fcfil0 8 pfu/T ^^T^^^^^^^-f fc (Kiyotani, K. et al. , 1990, 
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Virology 177: 65-74) 0 $ 7><DfcM\*U 0 g ^TlllSfrr t fr$J Lfco 10 4 

pfu^MLfcBALB/c^o«t^- K^^^^oVNTfi, jSStitt 0, K 3, 5, 7, *5 

^/W*<2;>J#£$J£L7c: 0 JW^^^T^BttC&^LTc: (Kato, A. et al. , 
1997, EMBO J. 16:578-587) 0 ^VfaMZmi ll^i: 

<DT$xfr?£t:Lti 0 io 6 pfufD&mx-mmvvj^xi^Mte^^&tti&fr 

tz 0 SeV/mSf (Dfflk J*^, fMJfiD fc# L J: 9 & V L fc. 

wft<DfyvmQftnTfii*mi&tiimLiZo io 5 pfu^s-ctt, »4s^giLf: 
&mtte%mm (ld 50 ) r^s^L^tr^v »£S-ett i.78xio 6 pfu-efeo, 

SeV/mSfCW: 7.94X10 4 pfuTfcofc (£l) 0 ^ot, BALB/c^#C^:fc^Tte> 
& 1 lESTSo J: nuclei <?^|:*5lt5 »£i!*3 <£ * -T JVX OLD S0 
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10 8 


5/5" 




NT 






10 7 


5/5 




3/5 






10* 


1/4 


1.78X10 6 


2/5 


3.16x10* 




10 5 


0/5 




NT 






10 4 


0/5 




0/5 






10 8 


5/5 




NT 






IO 7 


5/5 




5/5 




SeV mS/F 


10 6 


5/5 


7.94X10 4 


5/5 


7.94xl0 4 




10 5 


3/5 




3/5 






10* 


0/5 




0/5 





WO 01/18223 

(Ell Do *©<&!H, #^^;i/^©LDsoii:nudex"i7^^^©]ESv>^h©^ 
©fc^tfBto&flfc (il). dft^GDi&Slllfr^ 'J>&< fc$LD 60 £*'3<IE»K 

fil&8!@ (14B) ©Ifflfclu 5^e?>f ;i/^*J:WM'>'f ;i/-^w#©#iJgl4k:CTL 

n^co^-oK*!*, mmti*±mt!itz>tztoiz, *fcma©^*«e^o«a* 



3 g PCT/JPOO/06051 



WO 01/18223 



39 



PCT/JPOO/06051 



WO 01/18223 



40 



PCT/JPOO/06051 



-M^^^-DNAo 

P@&ie?iJ^0S&T-& 3, ll^Ji 1 £tm<D OJfrX^* — DNAo 

3. ^^SS^'JCD^^s F5te?0fe¥M^IH^J®, ftecDMlE^^lE^^^E 
^©■j&T-fc £n 11^ 1 £13*4© t> 4 ;UX^ £ * —DNAo 

4. ^©«£^©$e¥^&K?iJ*WM/M^ if*® 
3 \Z Umo ti 4 )l * ^ Z $ -DNAo 

5 . F Mfc? £ cfc r>'/ * Mitfe?*^ 31 {sX^Zsm&mifrt>4(D^?nti> 
£ mm <D V J )V 7s ^ ^ $ -DNAo 

6. ^jte^^A^nt^^, IIOTl^^ScDV^n^CIBiecD^^^^ 
-DNAo 

7 1 £ 6 £D V * ttlfr lit 13«© ^ ^ ;i/ * ^ £ $ -DNAfr ©Ifc^tJ £ t? 

1 0. ti^Jl 1 fr£ 6(D^?ftfrlz%ZM(DVj)\'X^<7*-mk*m£lzmXL, 
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SEQUENCE LISTING 

<110> DNAVEC Research Inc. 

<120> Paramyxoviruses with alternative transcription 
start signals 

<130> D3-007PCT 

<140> 
<141> 

<150> JP 1999-252231 

<151> 1999-09-06 

<160> 17 

<170> Patentln Ver. 2.0 

<210> 1 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized oligonucleotide sequence 

<400> 1 

gagggcccgc ggccgcga 

<210> 2 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 2 

gagggcccgc ggccgcgata cgaggcttca aggtactt 

<210> 3 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
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# 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<210> 4 

<211> 48 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<210> 5 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<210> 6 
<211> 64 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 6 

ttgcggccgc gtaagaaaaa cttagggtga aagttcactt cacgatggaa gacggcaaaa 60 
acat 64 

<210> 7 
<211> 64 
<212> DNA 

<213> Artificial Sequence 



<400> 3 

tcgcggccgc gggccctctg atcctagatt cctcctac 



38 



<400> 4 

caaagtatcc accaccctga ggagcaggtt ccagaccctt tgctttgc 



<400> 5 

ttaagttggt vagtgactc 
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<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 7 

ttgcggccgc gtaagaaaaa cttagggtca aagttcactt cacgatggaa gacggcaaaa 60 
acat 64 

<210> 8 
<211> 64 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 8 

ttgcggccgc gtaagaaaaa cttagggata aagttcactt cacgatggaa gacggcaaaa 60 
acat 64 

<210> 9 
<211> 64 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 9 

ttgcggccgc gtaagaaaaa cttagggtga atgttcactt cacgatggaa gacggcaaaa 60 
acat 64 

<210> 10 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<400> 10 

tcgcggccgc tattacaatt tggactttcc g 



<210> 11 
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<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 11 

cttagggtga aagtcccttg t 21 

<210> 12 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<210> 13 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 13 

tacccatagg tgtggccaaa t 21 

<210> 14 

<211> 21 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<400> 12 

acaagggact ttcaccctaa g 



21 



<400> 14 

taatacgact cactataggg c 



21 



<210> 15 
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<211> 20 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 15 

ttttctcact tgggttaatc 20 

<210> 16 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 

<400> 16 

gcactcacaa gggactttca 20 

<210> 17 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: artificially 
synthesized primer sequence 



<400> 17 

gcactcacaa gggactttat 



20 
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DESCRIPTION 

PARAMYXOVIRUSES COMPRISING MODIFIED TRANSCRIPTION START SEQUENCE 

5 Technical Field 

The present invention relates to recombinant viruses of 
Paramyxoviridae comprising a modified transcription start sequence. 

Background Art 

10 Paramyxoviruses have a non-segmented negative strand RNA as the 

genome. Six genes are coded in the genome, and a short sequence 
(E-IG-S signal) is commonly linked to each gene. These signal 
sequences are highly conserved especially within a genus and within 
a family, and is extremely high among genes of a given virus species 

15 (Feldmann, H. E. et al . , 1992, Virus Res. 24:1-19). 

Sendai virus (SeV) , classified into Respirovirus in the family 
Paramyxoviridae, is an enveloped, non-segmented negative -strand RNA 
virus that is considered to be the prototype for the subfamily 
Paramyxovirinae . The SeV genome is 15,384 bases in size, starting 

20 with a short 3' leader region, followed by six genes encoding the 
N (nucleocapsid) , P (phospho) , M (matrix) , F (fusion) , HN 
(hemagglutinin-neuraminidase) and L (large) proteins, and ending 
with a short 5' trailer region. In addition to the P protein, the 
second gene expresses the accessory V and C proteins by a process 

25 known as co- transcript ional editing that inserts a G residue not 
comprised in the template (Park, K.H. andM. Krystal, 1992, J. Virol. 
66:7033-7039; Paterson, R.G., and R.A. Lamb, 1990, J. Virol. 
64:4137-4145; Thomas, S.M. et al . , 1988, Cell, 54:891-902; Vidal, 
S. et al., 1990, J. Virol. 64:239-246) and by alternative 

30 translational initiations, respectively (Gupta, K. C, and E. Ono, 
1997, Biochem. J. 321:811-818; Kuronati, A. et al . , 1998, Genes Cells 
3:111-124). The genome is tightly associated with the N protein, 
forming a helical ribonucleoprotein (RNP) complex. This RNP, but 
not the naked RNA, is the template for both transcription and 

35 replication (Lamb, R.A., and D. Kolakofsky, 1996, Paramyxoviridae: 
The viruses and their replication, pp . 1177- 1204 . In Fields Virology, 



1 

\ 



3rd edn.. Fields, B. N . , D. M. Knipe, and P. M. Howley et al . (ed.), 
Raven Press, New York, N. Y.) . There is only a single promoter at 
the 3' end for viral RNA polymerase comprising the P and L proteins 
(Hamaguchi, M. et al., 1983, Virology 128:105-117) . By recognizing 
5 the short, conserved transcription end (E) sequence and 
transcription start (S) sequence at each gene boundary, the 
polymerase produces leader RNA and each of the mRNAs (Glazier, K. 
et al., 1997, J. Virol. 21:863-871). There is a trinucleotide 
intergenic (IG) sequence between the E sequence and S sequence, which 

10 is not transcribed (Gupta, K. C, and D. W. Kingsbury, 1984, Nucleic 
Acids Res. 12:3829-3841; Luk, D. et al . , 1987, Virology 160:88-94) . 
Since the efficiency of reinitiating transcription at each gene 
boundary is high but not perfect, the transcripts from the downstream 
genes are less abundant than those from the upstream genes. 

15 Therefore, each mRNA is not synthesized in equimolar quantities in 
infected cells, but there is a polar attenuation of transcription 
toward the 5' end (Glazier, K. et al . , 1997, J. Virol. 21:863-871; 
Homann, H. E. et al., 1990, Virology 177:131-140; Lamb, R.A., and 
D. Kolakofsky, 1996, Paramyxoviridae: The viruses and their 

20 replication, pp . 1177-1204 . In Fields Virology, 3rd edn. Fields, B. 
N., D. M. Knipe, and P . M. Howley et al . (ed.), Raven Press, New York, 
N. Y. ) . 

After the translation of the mRNAs and accumulation of 
translation products, genome replication takes place. Here, the 

25 same viral RNA polymerase conducts replication using the same RNP 
template, but now somehow ignores the respective E sequence and S 
sequence of each mRNA and generates a full length antigenomic 
positive sense (+)RNP (Lamb, R.A., and D. Kolakofsky, 19 96, 
Paramyxoviridae: The viruses and their replication, pp . 1177-1204 . 

30 In Fields Virology, 3rd edn. Fields, B. N. , D. M. Knipe, and P. M. 
Howley et al. (ed.) , Raven Press, New York, N. Y.) . The polymerase 
enters the promoter at the 3' end of (+)RNP to generate genomic (-)RNP, 
which serves as the template for the next round of transcription and 
replication. 

35 The E sequence (3 ' -AUUOJUUUUU-5 ' in the genomic negative sense) 

is completely conserved among the six genes in the SeV genome. The 




five U residues in the latter half are thought to allow the polymerase 
slippage -generating poly (A) . In contrast, the S sequences are 
slightly varied and are generalized as 3 ' -UCCCWVUUWC- 5 ' (Gupta, K. 

C, and D. W. Kingsbury, 1984, Nucleic Acids Res. 12:3829-3841). 
5 Specifically, the S sequence is UCCCACUUUC for P, M and HN genes, 

UCCCAgUUUC for N gene, UCCCuaUUUC for F gene, and UCCCACUUaC for L 
gene. Identical differences are seen in all SeV strains sequenced 
to date, regardless of differences in isolation procedure, passage 
history, and virulence for the natural host such as mice, suggesting 

10 that the variations are locus-specific. It is possible that these 
differences arise as a result of nucleotide accumulation in sites 
that are unaffected by variations in the S sequence. Another 
possibility is that these differences arise due to nucleotide 
substitutions at important sites of the signal and the selection of 

15 viruses that have acquired the ability to regulate the expression 
of each gene during viral evolution. 

Up to now, several studies with model template systems of 
various nonsegmented negative strand RNA viruses have indicated that 
the S sequences are indeed critical for transcriptional initiation, 

20 but sequence variations are tolerated to some extent (Barr, J. N. 
et al., 1997, J. Virol. 71:1794-1801; Barr, J.N. et al . , 1997, J. 
Virol. 71:8718-8725; Hwang, L.N. et al . , 1998, J. Virol. 72:1805-13; 
Kuo, L. et al., 1996, J. Virol. 70:6143-6150; Rassa, J. C, and G. 

D. Parks, 1998, Virology, 247: 274-286; Stillman E. A., and M. A. 
25 Whitt, 1998, J. Virol. 72: 5565-5572). Certain nucleotide 

substitutions in these S sequences were shown to decrease 
transcription initiation efficiency, suggesting that gene 
expression is also modulated by naturally occurring variations in 
the viral life cycle. (Kuo, L. et al . , 1996, J. Virol . 70 : 6892-6901 ; 

30 Kuo, L. et al . , 1997, J. Virol. 71:4944-4953; Stillman E. A., and 
M. A. Whitt, 1997, J. Virol. 71:2127-2137) . However in the model 
template systems, all events required early in the natural life cycle 
like primary transcription is by-passed by the successive and 
constant supply of trans-acting proteins (Nagai, Y. Paramyxovirus 

35 replication and pathogenesis. Reverse genetics transforms 
understanding. Rev. Medical. Virol. 9(2): 83-99 (1999)). The 



transcription and replication of minigenomes are uncoupled in these 
systems. T7 polymerase -expressing vaccinia virus often used to 
produce tans-acting proteins masks the subtle effects of mutations 
by, for example, posttranscript ional modifications by capping 
5 enzymes encoded by vaccinia viruses. In addition, transfection 
efficiencies might not be equal throughout the whole experiment 
(Bukreyev, A. et al . , 1996, J. Virol. 70:6634-6641; He, B. et al . , 
1997, Virology 237:249-260). Namely, effects of nucleotide 
substitutions in the S sequence on transcription initiation cannot 
10 be accurately examined in model template systems. Thus, to 
comprehensively evaluate the roles of S sequence and E sequence, it 
was necessary to introduce mutations into the full-length viral 
genome . 

15 Disclosure of the Invention 

An objective of the present invention is to provide virus 
vectors of Paramyxoviridae in which the S sequence has been modified 
so as to modify the expression of genes located downstream thereof, 
a method for producing the vectors as well as uses thereof. 

2 0 The present inventors have already succeeded in constructing 

a system to produce infectious SeV by manipulating their genomes using 
recombinant DNA techniques. The use of this system enables the 
regeneration of negative strand RNA viruses based on their 
corresponding DNA, and to perform reverse genetics of SeV by 

25 manipulating various genes of the infectious virus (Kato, A. et al . , 
1997, EMBO J. 16: 578-587; Kato, A. et al . , 1997, J. Virol. 71: 
7266-7272; Kuo, L. et al . , 1996, J. Virol. 70: 6892-6901; Nagai, Y., 
1999, Rev. Medical. Virol. 9: 83-99; Sakaguchi , T. et. al., 1997, 
Virology 235: 360-366) . Using this system, the present inventors have 

30 attempted to elucidate the significance of heterogeneity found in 
the S sequences of SeV. 

Newly synthesized E sequence and S sequence were ligated to the 
upstream of the firefly lucif erase gene, and this was inserted to 
the downstream of the noncoding region of the N gene. The S sequences 

35 were designed to have same sequence as the four naturally-occurring 
variations described above. In the constructed recombinant virus, 



the N mRNA transcription starts by its own S sequence and stops by 
the synthetic E sequence within the inserted reporter (luciferase) 
gene. The reporter gene expression, which is driven by each of the 
different S sequences, was quant itated and compared. 
5 The results obtained here clearly showed that the natural S 

sequence for the F gene had a significantly lower reinitiation 
activity than the other three S sequences. When de novo protein 
synthesis is blocked and genome replication is inhibited, only 
transcription occurs, and replication does not. By conducting 

10 experiments under such conditions, it was confirmed that the reduced 
luciferase gene expression by the F specific signal was indeed caused 
primarily at the transcriptional level, and was not a secondary 
result of replication (Fig. 4) . This experiment further showed 
that the reinitiation activity driven by the S sequence of F gene 

15 was approximately one forth of that of the other three. 

The reinitiation capacity of different S sequences was then 
assessed by replacing the natural S sequence of the F gene with that 
of P/M/HN genes having a higher reinitiation efficiency and by 
examining replication capability of the recovered virus (SeV/mSf ) 

20 in cultured cells, in ovo, and in mice. As a result, the inventors 
found that the replaced S sequence enhances not only F gene expression, 
but also the expression of downstream genes, again at the 
transcriptional level (Figs. 7 and 9). 

That is, the present inventors found that the reinitiation 

25 activity of S sequence of each gene of viruses belonging to 
Paramyxoviridae varies from the S sequence. It was also revealed 
that the substitution of S sequence of a particular gene by another 
S sequence having a different reinitiation activity enables the 
modification of expression of not only the gene right after the 

30 sequence, but also genes located further downstream of the gene at 
the transcriptional level, to complete the invention. 

This invention relates to virus vectors of Paramyxoviridae in 
which a S sequence has been modified so as to modify expression levels 
of genes located downstream of the S sequence, a method for producing 

35 such vectors and the use thereof, more specifically to relates to: 
(1) a virus vector DNA, wherein the transcription start (S) sequence 



of at least one gene on the genome of a virus belonging to 
Paramyxoviridae has been modified so as to modify the expression 
level of said gene and genes located downstream thereof within the 
host, 

5 (2) the virus vector DNA according to (1) , wherein said modification 
of the transcription start sequence comprises the substitution of 
said sequence by the transcription start sequence of another gene 
of a virus belonging to Paramyxoviridae, 

(3) the virus vector DNA according to (1) , wherein said modification 
10 of transcription start sequence comprises the substitution of the 

transcription start sequence of F gene by the transcription start 
sequence of another gene, 

(4) the virus vector DNA according to (3) , wherein said transcription 
start sequence of another gene comprises that of a P/M/HN gene type, 

15 (5) a virus vector DNA according to any one of (1) to (4), wherein 
said virus vector DNA is defective in F gene and/or HN gene, 

(6) a virus vector DNA according to any one of (1) to (5) , wherein 
a foreign gene has been inserted into said virus vector DNA , 

(7) a virus vector of Paramyxoviridae comprising a transcription 
2 0 product from a virus vector DNA according to any one of (1) to (6) 

within virus particles, 

(8) the vector according to (7) , wherein said vector is a Sendai virus 
(SeV) vector, 

(9) the vector according to (7) or (8) , wherein the proliferation 
25 capability in the host is elevated compared to that of the wild type 

virus , 

(10) a method for producing a virus vector of Paramyxoviridae, 
wherein said method comprises the steps of transferring a virus 
vector DNA according to any one of (1) to (6) into the host, and 

30 expressing the virus protein in said host, and 

(11) the method according to (10) , wherein said virus of 
Paramyxoviridae used to produce the vector is Sendai virus. 

Herein, a "virus vector of Paramyxoviridae" is defined as a 
vector (or carrier) that is derived from a virus of Paramyxoviridae, 
35 and which can transfer a gene to a host cell. The virus vector of 
Paramyxoviridae of the present invention may be a ribonucleoprotein 



(RNP) or a virus particle having infectivity. Here, "inf ectivity" 
is defined as the ability of the virus vector to transfer, through 
its cell adhesion and membrane fusion abilities, the virus genome 
contained in the virus particles to cells, and to express it. 
5 The virus vector of Paramyxoviridae may have a replication 

capability, or may be a defective vector without the replication 
capability. Herein, "have a replication capability" is defined as 
the ability of virus vectors to replicate and produce infective virus 
particles in host cells infected with the virus vectors. 

10 The virus vector of Paramyxoviridae of this invention can carry 

a foreign gene in an expressible manner. Such virus vectors can be 
prepared as recombinant virus vectors of Paramyxoviridae. Herein, 
. a "recombinant" virus vector of Paramyxoviridae is defined as one 
constructed by genetic engineering, or its amplified products. For 

15 instance, recombinant virus vectors of Paramyxoviridae can be 
generated from a recombinant virus cDNA of Paramyxoviridae. 

Herein, a virus of Paramyxoviridae is defined as a virus 
belonging to the family Paramyxoviridae, or a derivative thereof. 
The present invention can be applied to, for example, a virus of 

20 Paramyxoviridae such as the Sendai virus, Newcastle disease virus, 
Mumps virus, Measles virus, Respiratory syncytial virus , rinderpest 
virus, Canine distemper virus, simian parainfluenza virus (SV5) , and 
type I, II, and III human parainfluenza virus. The virus vector and 
vector DNA of the present invention are preferably derived from a 

25 virus of the genus Paramyxovirus or a derivative thereof. Viruses 
of the genus Paramyxovirus to which the present invention is applicable 
include type I parainfluenza viruses including Sendai virus and human 
HA2, type II parainfluenza viruses including simian SV5 and SV41 and 
human CA, type III parainfluenza viruses including bovine SF and human 

3 0 HA1, type IV parainfluenza viruses including subtype A and subtype 
B, Mumps virus, Newcastle disease virus, and many other viruses of 
the genus Paramyxovirus . Most preferably, the virus vector and vector 
DNA of the invention are derived from the Sendai virus. These viruses 
maybe wild- type strains, mutant strains, laboratory-passaged strains, 

35 artificially constructed strains, and so on. Incomplete viruses such 
as the DI particle (Willenbrink W. and Neubert W. J., J. Virol., 1994, 



68, 8413-8417) , synthesized oligonucleotides, and so on, may also 
be utilized as material for generating the virus vector of the present 
invention. 

Herein, "virus vector DNA" means DNA comprising a nucleotide 
5 sequence encoding the genome of a virus vector. "DNA" herein 
includes single-stranded DNA and double -stranded DNA. 

Here, the "N, P, M, F, HN, and L genes" of the viruses of 
Paramyxoviridae represent those encoding the nucleocapsid protein, 
phosphoprotein, matrix protein, fusion protein, 

10 hemagglutinin-neuraminidase, and large protein, respectively. Genes 
of each virus of the subfamily Paramyxovirinae are described generally 
as follows. In general, N gene may also be indicated as "NP gene". 
Respirovirus N P/C/V M F HN L 

Rublavirus N P/V M F HN (SH) L 

15 Morbillivirus N P/C/V M F H - L 

For instance, the accession numbers in the nucleotide sequence 
database of each gene of the Sendai virus, areM29343, M30202, M30203, 
M30204, M51331, M55565, M69046, and X17218 for N gene; M30202, M30203, 
M30204, M55565, M69046, X00583, X17007, and X17008 for P gene ; D1.1446, 
20 K02742, M30202, M30203, M30204, M69046, U31956, X00584, X53056 for 
M gene; D00152, D11446, D17334, D17335, M30202, M30203, M30204, 
M69046, X00152, and X02131 for F gene ; D26475, M12397, M30202, M30203, 
M30204, M69046, X00586, X02808, X56131 for HN gene; and D00053, 
M30202, M30203, M30204, M69040, X00587, and X58886 for L gene. 
25 This invention provides virus vector DNAs in which the S 

sequence of at least one gene on the genome of a virus belonging to 
Paramyxoviridae has been modified so as to modify the expression 
levels of the gene and genes located downstream thereof in the host. 
Virus vector DNAs of this invention are capable of modifying 
30 transcription levels of not only a gene right after the S sequence 
but also gene(s) downstream thereof, by modifying the S sequence. 

"Modification of a transcription start (S) sequence" in this 
invention refers to carrying out the substitution, deletion, 
addition and/or insertion of one or more nucleotides in the S sequence 
35 of a gene on the genome of a virus belonging to Paramyxoviridae or 
the substitution of the S sequence of a gene by that of another gene 



of a virus belonging to Paramyxoviridae . 

The modification of the S sequence to obtain a sequence having 
a desired reinitiation activity may be carried out by designing a 
variety of S sequences, and detecting the reinitiation activity using 
5 the luciferase assay and such as described in Example 1 to select 
a sequence having the desired activity. S sequences may be modified 
by using known genetic engineering techniques. For example, as 
described in Example 3, any desired mutation can be introduced into 
the S sequence of the F gene on the genome of a virus belonging to 

10 Paramyxoviridae using site-specific mutagenesis. 

Virus vectors of Paramyxoviridae according to this invention 
include those in which a S sequence has been modified so that the 
expression level of, for example, the F gene . is significantly 
elevated as compared with the wild type virus. Significant 

15 elevation refers to an elevation in expression levels, for example, 
by 20% or more, preferably 40% or more, more preferably 2-fold or 
more, even more preferably 3-fold or more as compared with the 
expression of the wild type F gene.. Such vectors can be produced, 
for example, by substituting the S sequence of the F gene by that 

20 of P, M, HN, N or L gene. Virus vectors of Paramyxoviridae according 
to this invention include those in which the expression level of any 
of P, M, HN, N or L gene, or any combinations thereof is significantly 
reduced as compared with the expression of the wild type. 
Significant reduction means a reduction in expression, for example, 

25 by 20% or more, preferably 30% or more, more preferably 40% or more, 
and even more preferably 6 0% or more as compared with that of the 
wild type. Such vectors can be produced, for example, by 
substituting the S sequence of P, M, HN, N and/or L gene by that of 
F gene. Expression levels of genes can be measured, for example, 

3 0 through the detection of mRNA (transcription product) or proteins 
(translation product) . The gene expression level is measured 
preferably under conditions that minimize the effect of virus 
replication rate. For example, as shown in Fig. 3 of Example 1, gene 
expression level can be measured under conditions in which only one 

35 replication cycle takes place, alternatively, as represented in Fig. 
4, by specifically estimating the primary transcription through the 



detection of RNAs or proteins. These measurements can be carried 
out, for example, by the methods described in Example 1 or 2 . 

The present inventors examined the reinitiation activity of 4 
different S sequences found in a virus of Paramyxoviridae (Sendai 
5 virus) , and discovered that the activity was different in each of 
them and that while the reinitiation activities of the S sequences 
of L gene (AGGGTGAAT) , P/M/HN gene (AGGGTGAAA) and N gene (AGGGTCAAA) 
showed a high value, the reinitiation activity of the S sequence 
of F gene (AGGGATAAA) was low. Therefore, when a high reinitiation 

10 activity is desired, S sequences of L gene, P/M/HN gene or N gene 
may be used, while when a low reinitiation activity is preferred, 
the S sequence of F gene may be used. For example, the substitution 
of S sequence of F gene by that of P/M/HN gene having a high 
reinitiation activity can lead to the elevation of transcription 

15 levels of F gene and genes located downstream thereof. 

There are a variety of advantages of modifying transcription 
levels of virus genes of Paramyxoviridae. For example, with a virus 
in which the S sequence of F gene has been substituted by one having 
a higher reinitiation activity, the viral proliferation capability 

20 can be elevated. In addition, by exchanging the S sequence of F gene 
and that of L gene, it can be expected that only expression levels 
of F and HN genes would be elevated, leaving the viral proliferation 
capability unaffected. Furthermore, in the case of a protein whose 
high expression is undesirable, the expression level of the protein 

25 can be restricted by linking the gene thereof to the downstream of 
the S sequence with a low reinitiation activity, such as that of F 
gene . 

In a viral genome comprising a S sequence modified to have a 
higher transcription reinitiation activity, the expression level of 

30 mRNA encoded by the gene downstream of the modified S sequence is 
increased compared with the original wild type genome . Accordingly, 
when a desired foreign gene is located downstream of the modified 
S sequence, the gene product level is also expected to elevate. 
Therefore, virus vectors having such genomes are advantageous in that 

35 the production efficiency of gene product (s) has been improved. In 
addition, a virus having such a genome has the advantage of yielding 



a large amount of viruses in a short time, when collecting recombinant 
virus particles or virus-like particles as pharmaceutical 
compositions or vaccines. For example, it has been known that virus 
particles incubated at 37 °C for 2 days form complexes among them and 
5 undergo an aging phenomenon in which their original morphology 
changes. (Kim, J. et al . , Virology 95: 523-535 (1979)). Observation 
of these under an electron microscope has revealed that the 
nucleocapsid structure is tightly folded in de novo synthesized viral 
particles, but unfolds and becomes loose with aging. When utilizing 

10 viral particles or virus-like particles as pharmaceutical 
compositions and vaccines, it is important to obtain homogeneous 
materials. Therefore, it is necessary to recover viruses from a 
culture as short as possible. As shown in Examples, the present 
invention may allow the preparation of modified virus having a titer 

15 as high as 100-folds as compared with the wild type virus (Fig. 5) . 

The virus vector of Paramyxoviridae of the present invention 
includes, for example, vectors that have the replication capability 
and those that are capable of autonomous proliferation. In general, 
the genome of the wild type paramyxovirus contains a short 3' leader 

2 0 region followed by six genes encoding N, P, M, F, HN, and L proteins, 
and has a short 5' trailer region on the other terminus. The vector 
of the present invention that is able to replicate autonomously can 
be obtained by designing a genome having a similar structure to that 
described above . The virus vector of Paramyxoviridae of the invention 

25 may have an altered alignment of virus genes, compared with wild type 
virus . 

The virus vector of Paramyxoviridae of the present invention 
may be defective in any of the genes that are contained in the wild 
type virus. For instance, in the case of the reconstitution of the 

30 Sendai virus vector , proteins encoded by N, P/C, and L genes are thought 
to be required in trans, but the genes may not be a component of the 
virus vector. In one embodiment, an expression vector carrying genes 
encoding the proteins may be co-transf ected into host, cells with 
another expression vector encoding the vector genome to reconstitute 

35 a virus vector. Alternatively, an expression vector encoding the 
virus genome is transfected into host cells carrying genes encoding 



the proteins, and thus a virus vector can be reconstituted by using 
the proteins provided by the host cell. The amino acid sequence of 
these proteins may not be identical to those derived from the original 
virus as long as it has an equivalent or higher activity in nucleic 
5 acid transfer, and may be mutated or substituted with that of a 
homologous gene of another virus . 

Proteins encoded by M, F, and HN genes are thought to be essential 
for cell-to-cell propagation of almost all viruses of Paramyxoviridae . 
However, these proteins are not required when the virus vector of 

10 Paramyxoviridae is prepared as RNP. If genes M, F, and HN are 
components of the genome contained in RNP, products of these genes 
are produced when introduced into host cells, and virus particles 
having infect ivity are generated. 

RNP can be introduced into cells as a complex formed with 

15 lipof ectamine, polycationic liposome, and the like. Specifically, 
a variety of transfection reagents can be used, for instance, DOTMA 
(Boehringer) , SuperFect (QIAGEN #301305) , DOTAP, DOPE, DOSPER 
(Boehringer #1811169) . Chloroquine may be added to prevent 
degradation in the endosome (Calos M. P., Proc . Natl. Acad. Sci . USA, 

20 1983, 80, 3015) . In the case of replicative viruses, the produced 
viruses can be amplified or passaged by re-infecting into cultured 
cells, embryonating hen eggs, or animals (e.g. mammalian such as mice) . 

Contrastingly, the virus vector of Paramyxoviridae of the 
present invention may be those lacking the M, F, and/or HN genes. 

25 These vectors can be reconstituted by providing def icientgene products 
exogenously. Such vectors can still adhere to host cells and induce 
cell fusion as the wild type could. However, daughter virus particles 
do not have the same infectivity as the original ones because the 
vector genome introduced into cells lacks one of the above genes. 

3 0 Therefore, these vectors can be safer virus vectors that are capable 
of only a single gene transfer. For instance, genes deleted from the 
genome may be F and/or HN genes. Virus vectors defective in F gene 
can be reconstituted by co-transf ection of an expression plasmid 
encoding the genome of a recombinant virus vector of Paramyxoviridae 

35 lacking the F gene (containing virus vector DNA) , an expression vector 
for the F protein, and that for N, P/C, and L proteins into host cells 



(PCT/JP00/03194 and PCT/JP00/03195) . Alternatively, host cells in 
which the F gene is integrated into the chromosome may be used. The 
amino acid sequence of these proteins provided exogenously may not 
be identical to those of the wild type and may be mutated or replaced 
5 by a homologous protein of another virus as long as they provide 
equivalent or higher gene transfer activity. 

The envelope proteins of the virus vector of Paramyxoviridae 
of the present invention may comprise a protein other than the envelope 
protein of the original vector genome. There is no limitation on such 
10 proteins. These may include envelope proteins of other viruses such 
as the G protein of the vesicular stomatitis virus (VSV-G) . Thus, 
the virus vector of the invention includes a pseudo type virus vector 
that has an envelope protein derived from a virus different from the 
original virus. 

15 Any desired foreign gene, which may or may not encode proteins, 

can be inserted into the virus vector DNAs of this invention. For 
example, the foreign gene may encode functional RNA such as a ribozyme 
or anti-sense RNA. Foreign genes can comprise either 

naturally-occurring or artificially-designed sequences. For 

20 example, in gene therapy and such, a gene for treating an objective 
disorder is inserted into the virus vector DNA. When virus vector 
DNAs of this invention are used for manufacturing gene therapy 
vectors, it is desirable to delete F, HN and/or M genes from the virus 
vector DNAs so as to suppress their toxicity within the host. In 

25 the case of introducing a foreign gene into the DNA of virus vector, 
for example, in that of Sendai virus vector, it is desirable to insert 
a sequence comprising a multiple of six nucleotides of the foreign 
gene between the E sequence and S sequence of the virus vector DNA 
(J. Virol., Vol. 67, No. 8, 1993, p. 4822-4830), etc. A foreign gene 

30 can be inserted before and/or after the respective viral genes (N, 
P, M, F, HN or L genes) . E-I-S sequence (transcription end 
sequence -intervening sequence-transcription start sequence) or 
portion thereof is appropriately inserted before or after a foreign 
gene so as not to interfere with the expression of genes before or 

35 after the foreign gene. Expression level of an inserted foreign gene 
can be regulated by the type of S sequence added to the 5' side (head) 



of the foreign gene as well as the site of gene insertion and 
nucleotide sequences before and after the gene. For example, in SeV, 
it has been known that the nearer the insertion site to the N gene, 
the higher the expression level of the inserted gene. 
5 Generally, the closer to the 3' -terminus of the negative strand 

RNA of the virus genome (the closer to N gene in the gene arrangement 
on the wild type virus genome) the insertion position is, the higher 
the expression level of the inserted gene will be. To achieve a high 
expression of a foreign gene , it is preferably inserted into the region 

10 near the 3' terminus of the negative stranded genome such as the 
upstream of the N gene (3' flanking sequence on the minus strand), 
or between N and P genes. Conversely, the closer to the 5' -terminus 
of the negative strand RNA (the closer to L gene in the gene arrangement 
on the wild type virus genome) the insertion position is, the lower 

15 the expression level of the inserted gene will be. To reduce the 
expression of a foreign gene, it may be inserted into the most 5' 
position on the negative strand, that is, downstream of the L gene 
in the wild type virus genome (5' flanking region of the L gene on 
the negative strand) or upstream of the L gene (3' flanking region 

20 of L gene on the negative strand) . Thus, the insertion position of 
a foreign gene can be properly adjusted so as to obtain a desired 
expression level of the gene or optimize the combination of the insert 
with the virus genes surrounding it. To help the easy insertion of 
a foreign gene, a cloning site may be designed at the position of 

25 insertion. For example, the cloning site may be the recognition 
sequence of restriction enzymes. The restriction sites in the virus 
vector DNA can be used to insert a foreign gene. The cloning site 
may be a multicloning site that contains recognition sequences for 
multiple restriction enzymes . The vector DNA of the present invention 

3 0 may have other foreign genes at positions other than that used for 
above insertion. 

Recombinant SeV vectors comprising a foreign gene can be 
constructed as follows according to, for example, the description 
in "Kato, A. et al . , 1997, EMBO J. 16: 578-587" and "Yu, D. et al . , 

35 1997, Genes Cells 2: 457-466". 

First, a DNA sample comprising the cDNA nucleotide sequence of 



a desired foreign gene is prepared. It is preferable that the DNA 
sample can be electrophoretically identified as a single plasmid at 
concentrations of 25 ng/\xl or more. Below, a case where a foreign 
gene is inserted to DNA encoding viral genome utilizing NotI site 
5 will be described as an example. When NotI recognition site is 
included in the objective cDNA nucleotide sequence, it is preferable 
to delete the NotI site beforehand by modifying the nucleotide 
sequence using site- specif ic mutagenesis and such method so as not 
to alter the amino acid sequence encoded by the cDNA. From this DNA 

10 sample, the desired gene fragment is amplified and recovered by PCR. 
To have NotI sites on the both ends of amplified DNA fragment and 
further add a copy of E-I-S sequence of SeV to one end, a forward 
side synthetic DNA sequence and reverse side synthetic DNA sequence 
(antisense strand) are prepared as a pair of primers containing NotI 

15 restriction enzyme cleavage site sequence, E-I-S sequence and a 
partial sequence of the objective gene. 

For example, to secure cleavage by NotI, the forward side 
synthetic DNA sequence is arranged in a form in which any two or more 
nucleotides (preferably 4 nucleotides excluding GCG and GCC, 

20 sequences originating in NotI recognition site, more preferably 
ACTT) are selected on the 5' -side of the synthetic DNA, NotI 
recognition site "gcggccgc" is added to its 3' -side, and to the 
3' -side thereof, any desired 9 nucleotides or nucleotides of 9 plus 
a multiple of 6 nucleotides are added as the spacer sequence, and 

25 to the 3' -side thereof, about 25 nucleotide-equivalent ORF including 
the initiation codon ATG of the desired cDNA is added. It is 
preferable to select about 25 nucleotides from the desired cDNA as 
the forward side synthetic DNA sequence so as to have G or C as the 
final nucleotide on its 3' -end. 

3 0 In the reverse side synthetic DNA sequence, any two or more 

nucleotides (preferably 4 nucleotides excluding GCG and GCC, 
sequences originating in the NotI recognition site, more preferably 
ACTT) are selected from the 5' -side of the synthetic DNA, NotI 
recognition site "gcggccgc" is added to its 3' -side, and to its 

35 further 3' -side, an oligo DNA is added as the insertion fragment to 
adjust the length. This oligo DNA is designed so that the total 



nucleotide number including the NotI recognition site "gcggccgc" , 
complementary sequence of cDNA and EIS nucleotide sequence of SeV 
genome originating in the virus described below becomes a multiple 
of six (so-called "rule of six"; Kolakofski, D. et al . , J. Virol. 
5 72: 891-899, 1998). Further to the 3'-side of inserted fragment, 
a sequence complementary to S sequence of Sendai virus, preferably 
5' -CTTTCACCCT-3 ' , I sequence, preferably 5'-AAG-3', and a sequence 
complementary to E sequence, preferably 5 ' -TTTTTCTTACTACGG-3 ' , is 
added, and further to the 3' -side thereof, about 25 
10 nucleotide-equivalent complementary sequence counted in the reverse 
direction from the termination codon of the desired cDNA sequence 
the length of which is adjusted to have G or C as the final nucleotide, 
is selected and added as the 3' -end of the reverse side synthetic 
DNA. 

15 PCR can be done according to the usual method with, for example, 

ExTaq polymerase (Takara Shuzo) . Preferably, PCR is performed using 
Vent polymerase (NEB) , and desired fragments thus amplified are 
digested with NotI, then inserted to NotI site of the plasmid vector 
pBluescript. Nucleotide sequences of PCR products thus obtained are 

20 confirmed with a sequencer to select a plasmid having the right 
sequence. The inserted fragment is excised from the plasmid using 
NotI, and cloned to the NotI site of the plasmid carrying the genomic 
cDNA. Alternatively, it is also possible to obtain the recombinant 
Sendai virus cDNA by directly inserting the fragment to the NotI site 

25 without the mediation of the plasmid vector pBluescript. 

By transferring a virus vector DNA of this invention into host 
cells to express it therein, it is possible to prepare a virus vector 
comprising a transcription product from the virus vector DNA within 
virus particles. Specifically, a virus vector DNA of this invention 

3 0 may be transferred into host cells to express a viral protein within 
the host cells. Transfer of the virus vector DNA into host cells 
may precede the expression of viral proteins inside the host cells 
or vice versa, or these processes may be simultaneously carried out. 
Viral proteins can be expressed inside host cells by transferring, 

3 5 for example, expression vectors encoding the viral proteins to the 
host. When a virus vector DNA is made defective in F, HN and/or M 
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genes, infectious virus particles are not formed with such a 
defective vector. However, it is possible to form infectious virus 
particles by separately transferring these defective genes, genes 
encoding other viral envelope proteins, and such, to host cells and 
5 expressing them therein. 

Methods for transferring virus vector DNA into cells include 
the following: 1) the method of preparing DNA precipitates that can 
be taken up by objective cells; 2) the .method of preparing a DNA 
comprising complex which is suitable for being taken up by objective 

10 cells and which is also not very cytotoxic and has a positive charge, 
and 3) the method of instantaneously boring on the objective cellular 
membrane pores wide enough to allow DNA molecules to pass through 
by electric pulse. 

In Method 2) , a variety of transf ection reagents can be utilized, 

15 examples being DOTMA (Boehringer) , SuperFect (QIAGEN #301305 ) , DOTAP, 
DOPE, DOSPER (Boehringer #1811169), etc. An example of Method 1) 
is a transf ection method using calcium phosphate, in which DNA that 
entered cells are incorporated into phagosomes, and a sufficient 
amount is incorporated into the nuclei as well (Graham, F. L. and Van 

20 Der Eb, AJ., 1973, Virology 52: 456; Wigler, M. and Silverstein, S., 
1977, Cell 11: 223). Chen and Okayama have investigated the 
optimization of the transfer technique, reporting that suitable DNA 
precipitates can be obtained under the conditions where 1) cells are 
incubated with DNA in an atmosphere of 2 to 4% C0 2 at 3 5°C for 15 to 

25 24 h, 2) circular DNA with a higher precipitate-forming activity than 
linear DNA is used, and 3) DNA concentration in the precipitate 

mixture is 20 to 30 |lg/ml (Chen, C. and Okayama, H., 1987, Mol . Cell. 

Biol. 7: 2745) . Method 2) is suitable for a transient transf ection. 

An old method is known in the art in which a DEAE-dextran (Sigma 
30 #D-9885, M.W. 5 x 10 5 ) mixture is prepared in a desired DNA 

concentration ratio to perform the transf ection . Since most of the 

complexes are decomposed inside endosomes, chloroquine may be added 

to enhance transf ection effects (Calos, M. P., 1983, Proc ? Natl. Acad. 

Sci. USA 80: 3015) . Method 3) is referred to as electroporation, 
35 and is more versatile compared to methods 1) and 2) because it doesn't 

have cell selectivity. Method 3) is the to be efficient under 



optimal conditions for pulse electric current duration, pulse shape, 
electric field potency (gap between electrodes, voltage) , 
conductivity of buffers, DNA concentration, and cell density. 

Among the above -described three categories, transfection 
5 reagents (method 2) ) are suitable in this invention, because method 
2) is easily operable, and facilitates the examining of many test 
samples using a large amount of cells. Preferably, SuperFect 
(QIAGEN #301305) or DOSPER (Boehringer #1811169) is used. 

Reconstitution of a virus from cDNA can be performed according 

10 to the known methods (W097/16539; W097/16538; Durbin A. P. et al . , 
Virol., 1997, 235, 323-332; Whelan S. P. et al . , Proc . Natl. Acad. 
Sci. USA, 1995, 92, 8388-8392; Schnell M. J. et al . , EMBO J. , 1994, 
13, 4195-4203; RadeckeF. et al. , EMBO J., 1995, 14 ,. 5773 -5784 ; Lawson 
N. D. et al., Proc. Natl. Acad. Sci. USA, 1995, 92, 4477-4481; Garcin 

15 D. et al., EMBO J., 1995, 14, 6087-6094; Kato A. et al . , Genes Cells, 
1996, 1, 569-579; Baron M. D. and Barrett T. , J. Virol., 1997, 71, 
1265-1271; Bridgen A. and Elliott R. M., Proc. Natl. Acad. Sci. USA, 
1996, 93, 15400-15404) . These methods enable the reconstitution of 
virus vectors of Paramyxoviridae including the parainfluenza virus, 

20 measles virus, rinderpest virus, and Sendai virus vectors from DNA. 

For example, simian kidney-derived LLC-MK2 cells are cultured 
in 24-well to 6-well plastic culture plates or 100 mm diameter culture 
dish using a minimum essential medium (MEM) containing 10% fetal calf 

serum (FCS) and antibiotics (100 units/ml penicillin G and 100 [ig/ml 
25 streptomycin) to 70 to 80% confluency, and infected, for example, 
with recombinant vaccinia virus VTF7-3 expressing T7 polymerase at 
2 PFU/cell. This virus can be inactivated by a UV irradiation 
treatment for 20 min in the presence of 1 |Lig/ml psoralen (Fuerst, 
T. R. et al.-, Proc. Natl. Acad. Sci. USA 83: 8122-8126, 1986; Kato, 
30 A. et al., Genes Cells 1: 569-579, 1996) . Amount of psoralen added 
and UV irradiation time can be appropriately adjusted. One hour 
after the virus adsorption, the cells are transfected with 2 to 60 

[ig, more preferably 3 to 5 (ig, of the above-described recombinant SeV 
cDNA by the lipofection method and such using plasmids (24 to 0.5 
35 |ig of pGEM-N, 12 to 0.25 ng of pGEM-P and 24 to 0 . 5 (ig of pGEM-L, more 
preferably 1 \ig of pGEM-N, 0 . 5 |ng of pGEM-P and 1 \ig of pGEM-L) (Kato, 



A. et al . , Genes Cells 1: 569-579, 1996) expressing trans-acting 
viral proteins required for the production of full-length SeV genome 
together with SuperFect (QIAGEN) . The transfected cells are 
cultured in a serum- free MEM containing 100 |Lig/ml each of rifampicin 
5 (Sigma) and cytosine arabinoside (AraC) if desired, more preferably 
only containing 40 |ig/ml of cytosine arabinoside (AraC) (Sigma) , and 
concentrations of reagents are set at optima so as to minimize 
cytotoxicity due to the vaccinia virus and maximize the 
reconstitution rate of the virus (Kato, A. et al . , 1996, Genes Cells 

10 1, 569-579) . After culturing for about 48 to 72 h following the 
transf ection, the cells are reconstituted, disrupted by repeating 
three cycles of freezing and thawing, transfected to LLCMK2 cells, 
and cultured. After culturing the cells for 3 to 7 days, the culture 
solution is collected. Virus vectors defective in the envelope 

15 protein-encoding gene without replication capability can be 
reconstituted by using LLCMK2 cells expressing envelope proteins for 
transf ection, or transfecting together with an envelope-expressing 
plasmid. Defective virus vectors can be amplified by culturing the 
transfected cells overlaid on LLCMK2 cells expressing envelope 

20 proteins (PCT/JP00/03194 and PCT/JP00/03195) . Virus titer 

contained in the culture supernatant can be determined by measuring 
the hemagglutination activity (HA) , which can be assayed by 
"endo-point dilution method" (Kato, A. et al . , 1996, Genes Cells 1, 
569-579) . Virus stock thus obtained can be stored at -80°C without 

2 5 the aging. 

The type of host cells used for virus reconstitution is not 
particularly limited, so long as virus vector can be reconstituted 
therein. For example, in the reconstitution of SeV vector and such, 
culture cells such as simian kidney-derived CVI cells and LLCMK2 

30 cells, hamster kidney-derived BHK cells, human-derived cells, and 
so on can be used. To obtain SeV vector in a large quantity, the 
vector can be amplified by infecting virus vector obtained from the 
above-described host cells into embryonated hen eggs. Methods for 
manufacturing virus using hen eggs have been already developed 

35 (Nakanishi, et al . (eds.), 1993, "Shinkei -kagaku Kenkyu-no 
Sentan-gi jutu Protocol III (High Technology Protocol III of 



Neuroscience Research) , Molecular Neurocyte Physiology, Koseisha, 
Osaka, pp. 153-172). Specifically, for example, fertilized eggs are 
placed in an incubator and incubated for 9 to 12 days at 37 to 3 8°C 
to grow embryos. Virus vector is inoculated into chorioallantoic 
5 cavity of eggs, and cultured for several days to proliferate the virus . 
Conditions such as culture duration may be varied depending on the 
type of recombinant virus used. Subsequently, chorioallantoic 
fluid comprising the virus is recovered. Separation and 
purification of SeV vector can be performed according to the standard 

10 methods (Tashiro, M. , "Virus Experiment Protocols", Nagai and 
Ishihama (eds.), Medicalview, pp. 68-73 (1995)). 

Also, the virus vector of the invention may have on the surface 
of its envelope adhesion molecules, ligands, receptors, or fragments 
thereof so as to adhere to specific cells. If vectors comprising a 

15 chimeric protein having these proteins in its extracellular domain 
and a polypeptide derived from the virus envelope protein in its 
intracellular domain, and such are prepared, it enables the production 
of a vector targeting a particular tissue . These factors maybe encoded 
by the virus genome itself, or supplied at the time of virus 

20 reconstitution through expression of genes other than virus genome 
(for example, another expression vector or host cell chromosome) . 

The virus genes contained in the recombinant virus vector may 
be modified, for example, to reduce antigenicity or enhance RNA 
transcription efficiency or replication efficiency. Specifically, 

25 it is possible to modify at least one of the N, P/C, and L genes, 
which are genes of replication factors, to enhance transcription or 
replication. It is alsopossible to modify the HN protein, a structural 
protein having hemagglutinin activity and neuraminidase activity, 
to enhance the virus stability in blood by weakening the former activity 

30 and to regulate infectivity by modifying the latter activity. It is 
also possible to modify the F protein, which is implicated in membrane 
fusion, to regulate the fusion ability of membrane -fused liposomes. 
Furthermore, it is possible to generate a virus vector of 
Paramyxoviridae that is engineered to have weak antigenicity through 

35 analyzing the antigen presenting epitopes and such of possible 
antigenic molecules on the cell surface such as the F protein and 



HN protein. 

In preparing defective virus vectors, two different virus 
vectors defective in a different envelope gene may be transfected 
into the same cell. In this case, each defective envelope protein 
5 is supplied through expression from the other complex, and this mutual 
complementation permits the generation of infective virus particles, 
which can replicate and propagate. Thus, two or more of the virus 
vectors of the present invention may be simultaneously inoculated 
in a combination that complement each other, thereby producing a 

10 mixture of each envelope defective virus vector at a low cost and 
in a large scale. Because such viruses lacking an envelope gene have 
a smaller genome, they can allow the insertion of a long foreign gene. 
In addition, it is difficult for these viruses , which are intrinsically 
non-infective, to keep the status of co-infection after being diluted 

15 outside cells, and thus they are sterilized and less harmful to the 
environment. 

In applying a virus vector thus obtained to gene therapy, it 
is possible to express a foreign gene with which treatment effects 
are expected, or an endogenous gene the supply of which is 

20 insufficient in a patient's body, by either direct or indirect (ex 
vivo) administration of the virus vector. There is no particular 
limitation in the type of the foreign gene, which may be, in addition 
to nucleic acids encoding proteins, nucleic acids that do not encode 
a protein such as an antisense or ribozyme. There is no particular 

25 limitation on the type of proteins encoded by foreign genes, and 
examples of natural proteins are hormones, cytokines, growth factors, 
receptors, enzymes, peptides, etc. These proteins can be secretory 
proteins, membrane proteins, cytoplasmic proteins, nucleoproteins , 
etc. Examples of artificial proteins are fusion proteins such as 

30 chimeric toxins, dominant negative proteins (including soluble 
molecules of receptors or membrane -binding dominant negative 
receptors) , deletion- type cell adhesion molecules and cell surface 
molecules. These proteins may be those to whom a secretion signal, 
membrane localization signal, nuclear localization signal, etc. , has 

35 been added. It is also possible to suppress functions of undesirable 
genes expressed in kidney cells by expressing an antisense RNA 



molecule or RNA- cleaving ribozyme, etc. Objects of gene therapy to 
which administratable vectors of this invention can be applied may 
include cancer therapy achieved by expressing, for example, a gene 
causing cell death such as a suicide gene (HSV tk, etc.) which 
5 exhibits toxicity to infected cells. Another example is 
preventive therapy for coronary artery restenosis due to arterial 
sclerosis. In addition, the application of a virus vector of this 
invention in gene therapy that aims at maintaining cell survival may 
include the supplementation of gene products of genes such as 

10 adenosine deaminase gene (ADA) , cystic fibrosis transmembrane 
conductance regulator gene (CFTR) , and so on, which have been known 
to be deleted or defective in monogenic disorders, etc. 

Regardless of whether the aim of gene therapy is to cause cell 
death or maintain cell survival, vectors of this invention comprising 

15 RNA as the genome can be applied to a wide range of disorders, because 
they are not converted into DNA during transcription and 
self -replication processes thereof, and also because they are 
unlikely to be incorporated into chromosomes of reproductive cells, 
and such, to affect genes of the succeeding generations. That is, 

20 vectors of this invention can be applied to disorders caused by many 
genes, such as hypertension, diabetes mellitus, asthma, ischemic 
heart disease, and so on, treatments and prevention for many healthy 
subjects, such as vaccines, and vaccination to prevent various 
infectious diseases such as AIDS, malaria, influenza, etc. 

2 5 The virus vector of the present invention can be made as a 

composition together with a desired, pharmaceutical ly acceptable 
carrier. Herein, a "pharmaceutical^ acceptable carrier" is defined 
as those materials that can be administered with a vector, but does 
not inhibit gene transfer by the vector . For instance , the virus vector 

30 of this invention may be appropriately diluted with physiological 
saline, phosphate buff ered saline (PBS) , and so on to make a composition . 
If the virus vector of the invention is propagated in hen eggs, and 
such, the composition may contain a chorioallantoic fluid. Also, the 
composition may contain carriers such as deionized water or a 5% 

35 dextrose aqueous solution. It may further contain stabilizers, 
antibiotics, or the like. The virus vector-containing composition 



of the invention can be administered to any mammals including humans, 
monkeys , mice , rats, rabbits , sheep , cattle , dogs , etc . 

Brief Description of the Drawings 
5 Figure 1 shows construction of the plasmid pSeV18c(+) and 

insertion of the lucif erase gene into the downstream region of N ORF. 
An 18 nucleotide-f ragment designed to contain a NotI site was 
inserted between 1698 and 1699 nucleotides from the 3' end of SeV 
genome in pSeV( + ) by site-directed mutagenesis (Shioda, T. et al . , 

10 1983, Nucleic Acids Res. 11:7317-7330). The resulting plasmid 
encoding the SeV antigenome with the 18 nucleotides- insertion was 
named pSeV18c( + ) . The ORF of the lucif erase gene was PCR-amplif ied 
with 4 sets of NotI -tagged primers (ESn/NotLr, ESp/NotLr, ESf/NotLr 
and ESl/NotLr) from the template plasmid, pHvLuc-RT4 (Kato, A. et 

15 al., 1996, Genes to Cells 1: 569-579) to generate the fragments 
containing each of the different natural S sequences placed at the 
head of the lucif erase gene. These amplified fragments were 
digested with NotI, and introduced into the same site of pSeV18c(+) . 
The resulting plasmids, named pSeV(+) SnLuc, pSeV (+) SpLuc , 

2 0 pSeV ( + ) Sf Luc and pSeV ( + ) SILuc , were used to recover the recombinant 

SeV/SnLuc, SeV/SpLuc, SeV/SfLuc and SeV/SlLuc, respectively. 
Figure 2 shows gene construction of SeV. 

Figure 3 shows lucif erase expression of SeV/SpLuc, SeV/SnLuc, 
SeV/SfLuc and SeV/SlLuc. The recombinant viruses were inoculated 
25 to CV1 cells at an moi of 10 (pfu/cell) . The luciferase activities 
were measured at the times (hr) indicated. 

Figure 4 is a photograph and graph showing luciferase 
expression of recombinant SeV. The recombinant viruses were 
inoculated to CV1 cells at an moi of 100 (pfu/cell) . The cells were 

3 0 cultured in the presence of cycloheximide for 12 hr. Portions of 

cells were harvested to prepare RNA and probed with the luciferase 
probe (top) . The remaining of cells was additionally incubated for 
0, 2 and 4 hrs without cycloheximide to allow the protein synthesis 
and luciferase activity was measured (bottom) . 
35 Figure 5 shows growth kinetics of SeV/mSf . The titers of the 

wild-type SeV and mutant SeV/mSf were measured at the time points 



indicated under single-cycle conditions. Open bars and filled bars 
represent hemagglutination units (HAU) of wild-type and mutant 
viruses, respectively. Lines with open and filled circles represent 
pfu per ml of the wild- type and mutant viruses, respectively. 
5 Figure 6 is a photograph showing cytopathogenecity of SeV/mSf . 

CV1 cells were infected with the wild-type or SeV/mSf virus at an 
moi of 2 0 (pfu/cell) in the presence ( + ) and absence (-) of trypsin. 
The pictures were taken 48 hr post infection 

Figure 7 is a photograph showing intracellular expression of 

10 viral genes. CV1 cells infected with the wild-type SeV or SeV/mSf 
virus were analyzed by Northern hybridization with the viral N, P, 
F or L gene probes at various times (hrs) post infection. The 
positions of mRNAs and genomic/antigenomic RNA (vRNA) are marked. 
Figure 8 is a photograph showing intracellular expression of 

15 viral genes. intracellular expression of viral genes in CV1 cells 
was analyzed on Western blotting with anti-SeV antibody at various 
times (hrs) indicated at the top of each lane. 

Figure 9 is a photograph showing intracellular expression of 
viral genes. CV1 cells were infected with wild-type SeV and SeV/mSf 

20 at moi of 100 pfu in the presence of cycloheximide . RNAs were 
extracted after 12 hr inoculation and analyzed by Northern 
hybridization. The specific bands obtained were analyzed using the 
BAS 2 000 Image Analyzer. 

Figure 10 is a photograph showing competition assays of the 

25 wild-type SeV and SeV/mSf in serial copassages. (A) The specific 
primer sets (left) to detect either of viral RNAs (right) . (B) Each 
passage was initiated with input doses of 10 4 (SeV/mSf) and 10 4 
(wild-type SeV) pfu/egg or 10 4 (SeV/mSf) and 10 2 (wild-type SeV) 
pfu/egg. The chorioallantoic fluids were harvested every 3 days, 

30 diluted to 10" 6 and co-inoculated into new eggs serially up to 10 
passages. Viral RNAs were extracted and analyzed by one-step RT-PCR 
method using the specific primer sets. Passage number is shown on 
the top of each lane. "Wild-type" and "SeV/mSf" represent DNA 
fragments amplified by using specific primer sets for respective 

35 sequences. 

Figure 11 shows body weight gain of normal BALB/c and thymus 
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deficient BALB/c (nu/nu) mice infected with the wild-type SeV and 
SeV/mSf viruses. Five mice were inoculated intranasally with 
various doses of viruses (10 4 to 10 7 pfu per mouse) . The weight gain 
of mice were measured in grams every day up to 14 days post inoculation. 
5 Dead mice are marked by t . 

Figure 12 shows pulmonary lesions and viral loads in the lungs 
of BALB/c and BALB/c (nu/nu) mice. Each mouse was intranasally 
inoculated with 10 4 pfu of the viruses. These mice were sacrificed 
at 0, 1, 2, 3, 5, 7 and 9 days post inoculation to grade lesion scores 
10 (top) and to determine virus titers in the lungs (bottom) . All these 
values are individually shown for each mouse. 

Best Mode for Carrying out the Invention 

The present invention will be explained in detail below with 
15 reference to examples, but it is not to be construed as being limited 
thereto. 

[Example 1] Construction of recombinant viruses and lucif erase assay 
The nine nucleotides of the SeV E sequence are conserved exactly 

20 among all genes. On the other hand, there are minor differences in 
the nine nucleotides of S sequence. While S sequence of three (P, 
M and HN) of six genes are 3 ' -UCCCACUUU-5 ' , that of N, F and L gene 
are 3 ' -UCCCAgUUU-5 ' , 3 ' -UCCCuaUUU-5 ' , and 3' -UCCCACUUa-5' , 
respectively (Fig. 2) . These minor differences are completely 

25 conserved in all strains of SeV regardless of the passage history, 
virulence and isolation strategy. To examine the role of these minor 
differences of S, the inventors created the four recombinant SeVs 
named SeV/SpLuc, SeV/SnLuc, SeV/SfLuc and SeV/SlLuc expressing the 
lucif erase under the control of synthetic S sequence. 

30 1-1. Creation of an insertion site after the N ORF 

The plasmid pSeV( + ) contained the cDNA copy of full-length SeV 
antigenome (Kato, A. et al . , 1996, Genes to Cells 1: 569-579) was 
used as the starting material for plasmid construction. In order 
to insert a lucif erase gene having synthetic E sequence and S sequence, 

35 a unique NotI site was created at downstream of N ORF in N gene. 
Eighteen nucleotides (5 ' -gagggcccgcggccgcga-3 ' /SEQ ID NO: 1) 



containing NotI restriction site was inserted between 1698 and 1699 
nucleotides from the 3' end of SeV genome which was located within 
the 5' non-coding (in negative sense) region of N gene as shown in 
Fig. 1 (Shioda, T. et al . , 1983, Nucleic Acids Res. 11:7317-7330). 
5 For the insertion, the inventors used site-directed mutagenesis by 
a PCR-mediated overlap primer extension method (Ho, S. N . et al . , 
1989, Gene 77:51-59) essentially according to the previous paper 
(Hasan, M. K. et al . , 1997, J. Gen. Virol. 78:2813-2820). Briefly, 
two primers (NmF; 

10 5 ' -gagggcccgcggccgcga 1699 TACGAGGCTTCAAGGTACTT 1718 -3 ' / SEQ ID NO: 2 and 
NmR; 5' - tcgcggccgcgggccctc 1698 TGATCCTAGATTCCTCCTAC i670 -3 ' /SEQ ID NO:. 
3) with overlapping 18 nucleotides ends, and two outer primers (OP1, 
5 ' - 61 CAAAGTATCCACCACCCTGAGGAGCAGGTTCCAGACCCTTTGCTTTGC 105 - 3 ' /SEQ ID 
NO: 4 and 0P2 , 5 ' - 2467 TTAAGTTGGTVAGTGACTC 2449 -3 ' /SEQ ID NO: 5) were 

15 synthesized. First PCRs were performed with the OPl/NmF primer 
pairs and the OP2/NmF primer pairs using the pSeV(+) as a template 
to gave rise to 1 . 6 Kb- and 0.8 Kb-f ragments , respectively. Second 
PCR was then performed with OP1/OP2 primer pairs using the purified 
1.6 Kb- and 0.8 Kb- fragments as the template to generate the single 

20 2.4 Kb-fragment with the 18 nucleotides. The 2.4 Kb-fragment was 
purified and digested with SphI and Sail. The plasmid pSeV( + ) was 
cut at the positions of 610 and 2070 on the SeV genome by these enzymes 
The sequence of the resulting 1.47 Kb-fragment was verified by 
sequencing using an AFLII automated DNA sequencer (Pharmacia, 

25 Uppsala) and replaced with the corresponding fragment of parental 
pSeV(+), thus generating pSeV18c(+) containing an unique (sole) 
restriction site after the N ORF. 

Like parental plasmid pSeV(+) , recombinant viruses can be 
reconstituted from thus obtained plasmid having an 18-nucleot ied 

30 insert containing an NotI restriction site. The infectivity and 
replication capability of the generated viruses were also similar 
to those of the parental pSeV(+) . 

1-2. Insertion of lucif erase gene regulated by various S sequences 
into vector 

35 The lucif erase gene from the firefly (Photinus pyralis) derived 

from the pHVlucRT4 (-) (Kato, A. et al. , 1996, Genes to Cells 1: 569-579) 
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was amplified by PCR with the following four primer pairs 
corresponding to the four different S sequences; four forward primers 
(ESp; 

5 ' - TTgcggc cgcG TAAGAAAAA CTT AGGGTGAAA GTTCACTTCACGATGGA?VGACGGCAAAAA 
5 CAT-3'/SEQ id NO: 6, ESn; 

5 ' -TTgcggccgcG TAAGAAAAA CTT AGGGTcAAA GTTCACTTCACGATGGAAGACGGCAAAAA 
CAT-3'/SEQ ID NO: 7, ESf; 

5 ' -TTgcggccgcG TAAGAAAAA CTT AGGGatAAA GTTCACTTCACGATGGAAGACGGCAAAAA 
CAT-3'/SEQ ID NO: 8, and ESI; 

10 5 ' - TTgcggccgcG TAAGAAAAA CTT AGGGTGAAt GTTCACTTCACGATGGAAGACGGCAAAAA 
CAT-3'/SEQ ID NO: 9) and one common reverse primer (NotLr; 
5 ' -TCgcggccgcTATTACAATTTGGACTTTCCG-3 ' / SEQ ID NO: 10). Underlined 
are a new set of SeV E sequence and S sequence connected with the 
conserved intergenic trinucleotide and the lower case letters 

15 without underline represent the NotI restriction site. The lower 
case letters with underline represent each of the unique nucleotides 
in the primers . The 1 . 7 Kb- fragments amplified with the primer pairs 
of ESp/NotLr, ESn/NotLr, ESf/NotLr and ESl/NotLr were purified, 
digested with NotI and directly introduced into the NotI site of 

20 pSeV18c( + ) (Fig. 1) . The final constructs were named pSeV ( + ) SpLuc, 
pSeV(+) SnLuc, pSeV (+) Sf Luc and pSeV ( + ) SILuc, respectively, 
according to the S sequence used. 
1-3. Virus recovery from cDNAs 

Viruses were recovered from cDNAs essentially according to the 

25 previously described procedures (Kato, A. etal., 1996, Genes to Cells 
1: 569-579) . Briefly, 2 x 10 6 of LLCMK2 cells in 6 cm diameter plate 
were infected with vaccinia virus (W) , vTF7-3, a gift of Dr. B. Moss 
(Fuerst, T. R. et al . , 1986, Proc . Natl. Acad. Sci . USA 83:8122-8126) , 
at moi of 2 PFU/cell. Then, 10 |ig of the parental or mutated pSeV(+) 

30 and the plasmids encoding trans-acting proteins, pGEM-N (4 , 
pGEM-P (2 jLtg) and pGEM-L (4 JLtg ) (Kato, A. et al . , 1996, Genes to Cells 
1: 569-579) were transfected simultaneously with the aid of the 
lipofection reagent DOTAP (Boehringer-Mannheim, Mannheim) . The 
cells were maintained in serum free MEM in the presence of 40 |ng/ml 

35 araC (1-p-D-arabinofuranosylcytosine) and 100 (ig/ml rifampicin to 
minimize W cytopathogenicity and thereby maximize the recovery rate 




Forty hours after transf ection, cells were harvested, disrupted by- 
three cycles of freezing and thawing and inoculated into 10 -day-old 
embryonated hen eggs. After 3 days of incubation, the 
chorioallantoic fluid was harvested. The titers of recovered 
5 viruses were expressed in hemagglutination units (HAU) and PFU/ml 
as described previously (Kato, A. et al . , 1996, Genes to Cells 1: 
569-579) . The helper W contaminating the chorioallantoic fluid of 
the eggs, containing 10 8 to 10 9 pfu/ml of the recovered SeVs, was 
eliminated by the second propagation in eggs at a dilution of 10~ 7 . 

10 This second passaged fluids, stored at -80°C, were used as the seed 
virus for all the experiments. 
1-4. Cell cultures and virus infection 

Monkey kidney-derived cell lines LLCMK2 and CV1, were grown in 
minimal essential medium (MEM) supplemented with 10% fetal bovine 

15 serum at 37°C. Monolayer cultures of these cells were infected with 
the mutant viruses recovered from cDNAs at an input moi of 10 PFU/cell, 
and maintained in serum- free MEM. The wild- type SeV (Z strain) 
recovered from the cDNA (Kato, A. et al . , 1996, Genes to Cells 1: 
569-579) was used as a control. 

20 It was found that the four recombinant viruses had replicated 

more slowly than the wild type in CV1 cells probably because of 
accommodating an extra gene as long as 1,728 nucleotides (Hasan, M. 
K. et al., 1997, J. Gen. Virol. 78:2813-2820). Among the four 
recombinants, SeV/SfLuc has replicated most slowly . 

2 5 1-5. Lucif erase assay 

Lucif erase activities expressed from the recombinant SeVs were 
compared with each other. The expression of lucif erase activity 
from SeV was studied in 5x 10 5 cells/well of CV1 cells in 6-well plates 
at various input multiplicities from 1 to 300 pfu per cell. Under 

3 0 the single-cycle growth conditions, cells were harvested at 0, 6, 

14, 20 and 26 hrs post infection (p.i.). The luciferase activity 
of harvested cells was measured by a luciferase assay kit (Promega, 
Madison) with a luminometer (Luminos CT-9000D, Dia-Iatron, Tokyo) 
as described before (Hasan, M. K. et al . , 1997, J. Gen. Virol. 
35 78:2813-2820; Kato, A. et al . , 1996, Genes to Cells 1: 569-579). 

The luciferase activities expressed from SeVs increased in 
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accordance with the infection time and infective dose in all 
recombinants. Figure 3 shows changes of lucif erase activity when 
the viruses were infected at moi 10 to CV1 cells. 

These cells were collected, and Northern hybridization was 
5 performed by using lucif erase cDNA as probe. Northern hybridization 
was conducted as follows. RNAs were extracted from the cells using 
TRIzol (Gibco BRL, N.Y.). The RNAs were ethanol precipitated, 
dissolved in formamide/ formaldehyde solution, then electorphoresed 
in 0.9% agarose -formamide/MOPS gels, and capillary transferred onto 

10 Hibond-N filters (Amersham, Buckighamshire) . The filters were 
probed with 32 P- labeled probes made by the mult i -prime labeling kit 
(Amersham, Buckighamshire). For the luciferase probe, the 
Narl/HincII (1270 bp) fragment was purified from pHvlucRT4 (Kato, 
A. et al., 1996, Genes to Cells 1: 569-579). It was verified that 

15 the luciferase mRNAs are synthesized as monocistronoc mRNAs . 

These data unequivocally demonstrated that the synthetic E 
sequence and S sequence inserted just before the luciferase ORF are 
correctly recognized by the viral RNA polymerase. However, there 
were differences in luciferase activities in the cells infected with 

20 these four viruses even under same condition. The highest activity 
was obtained with SeV/SlLuc and the lowest activity with SeV/SfLuc 
at 26 hr p.i. (Fig. 3) . SeV/SpLuc and SeV/SnLuc were slightly lower 
than SeV/SlLuc at 26 hr p.i. However, this was not seen at 14 and 
20 hrs p.i. Thus, the reinitiation capacities of Sp, Sn and SI were 

25 regarded to be comparable. 

[Example 2] Comparison of primary transcription amounts from 
recombinant viruses 

To see whether or not the differences of the expression amounts 

30 among four recombinant SeVs observed in Example 1 were primarily 
brought about at the level of transcription, but not in the 
replication process, CV1 cells infected with the recombinants were 
incubated in the presence of cycloheximide , which inhibits protein 
synthesis and hence, blocks viral replication requiring de novo viral 

35 protein. synthesis . Under these conditions, only the viral primary 
transcription catalyzed by the virion-associated RNA polymerase is 



allowed. 

In a similar manner as in Example 1, CV1 cells were infected 
with the recombinant viruses at an m.o.i. of 100, and the infected 
cells were incubated in the presence of 100 |ig/ml cycloheximide 
5 (Sigma, St. Louis) for 12 h. The RNA in infected cells was prepared 
as described above, and the Northern hybridization was performed 
using the lucif erase cDNA as the probe (Fig. 4, top) . A different 
batch of cells was incubated to synthesize proteins in the absence 
of cycloheximide for 0, 2 and 4 h, and the lucif erase activity was 
10 measured. 

As a result, in all cells infected with any recombinant virus, 
it was found that the longer the incubation period was after 
cycloheximide removal, the higher the lucif erase activity was. 
However, the luciferase expression of SeV/Sf Luc-infected cells was 

15 again significantly lower than the other three (Fig. 4, bottom) . The 
amounts of luciferase mRNA in each of the virus-infected cells 
correlated well with the activities of luciferase. The luciferase 
activities at 4 hr incubation were normalized by the count of 
SeV/SpLuc, as this type of S sequence is shared with three of the 

20 six genes. Luciferase activities in SeV/SnLuc- and 

SeV/SlLuc- infected cells were 0.86 and 1.19, respectively, and thus 
nearly comparable to that in SeV/SpLuc. In contrast, the value of 
SeV/Sf Luc- infected cells reached only 0.24 of the control. 

These results strongly suggested that the signal used for F gene 

25 expression possesses a lower reinitiation potential than the other 
S sequences. 

[Example 3] SeV mutant comprising a modified S sequence for the F 
gene 

3 0 The results described above suggested that there is a 

down -regulation of transcription at the F gene in the natural genome 
context of SeV. To investigate this, the inventors next created 
mutant SeV, SeV/mSf , whose S sequence of the F gene was replaced with 
that of the P/M/HN gene, as described below and compared its 

35 replication with that of the wild-type. 

3-1. Mutagenesis to modify the S sequence of F gene in full-length 



SeV cDNA 

Two nucleotides substitutions were performed on the S sequence 
of F gene as follows. First, pSeV( + ) was cleaved by Banlll at the 
SeV potions of 2088 and 5333 in SeV genome, and the resulting 3.4 
5 Kb- fragment was recloned into the same restriction site of 
pBluescript KS ( + ) (Stratagene, La Jolla) to make a pB/Banlll . Then, 
site-directed mutagenesis by a PCR-mediated overlap primer extension 
method (Ho, S. N. et al . , 1989, Gene 77:51-59) was performed as 
described above using synthesized two primers (mGSIF; 

10 5 ' - 4810 CTTAGGGTGAAAGTCCCTTGT 4830 -3 ' / SEQ ID NO: 11 and mesa- 
s' - 4830 ACAAGGGACTTT^CCCTAAG 4810 -3 ' /SEQ ID NO: 12) and two outer 
primers (M1F, 5 ' - 3931 TACCCATAGGTGTGGCCAAAT 3951 -3 ' /SEQ ID NO: 13 and T7 ; 
5 ' -TAATACGACTCACTATAGGGC-3 ' / SEQ ID NO: 14) . Underlined letters are 
the mutagenized points. The first PCRs performed with MlF/mGSlR 

15 primer pairs and T7/mGSlF primer pairs using the pB/Banlll as a 
template yielded 0.9 Kb- and 0.6 Kb-fragment, respectively. These 
two fragments were purified, and the second PCR was then performed 
with M1F/T7 primer pairs using the purified fragments as the 
templates, generating a single 1.5 Kb-fragment with the two 

20 nucleotides mutations . This fragment was purified and digested with 
Banlll and recloned into the same restriction site of pSeV( + ) to make 
a pSeV(+)mSf. The cloned sequence was verified by nucleotide 
sequencing. Viruses were reconstituted from the cDNA by the same 
procedures as Example 1 . 

25 The proliferation of this virus was examined using CV1 cells. 

The SeV/mSf was found to grow faster than the wild-type SeV in CV1 
cells (Fig. 5) . In the absence of trypsin, round cells and detached 
cells were observed. In the presence of exogenous trypsin to 
proteolytically activate the F glycoprotein, fused cells were 

30 observed more for the SeV/mSf than for the wild-type (Fig. 6) . 
3-2. Expression of SeV/mSf genes 

The mRNA levels in CV1 cells infected with the wild-type and 
SeV/mSf at moi = 10 were analyzed by Northern blotting like Example 
1 at various hours p.i. For the Sendai virus N probe, the Pstl/Pvul 

35 (1189 bp) fragment was purified from the pGEM-N and used. For P probe, 
792 bp of Smal/Smal fragment was purified from the pGEM-P and used. 



For M, F., HN and L probes, the Ndel/Ndel (878 bp), BamHI/BamHI (902 
bp), Seal/Seal (1108 bp) and BamHI/BamHI (1654 bp) fragments were 
purified from pSeV(+) and used, respectively. 

As shown in Fig. 7, the F and L transcripts from SeV/mSf were 
5 detected earlier and reached remarkably higher levels, compared with 
the wild-type infection. The P and N transcripts were also detected 
earlier in SeV/mSf infection, although the peak levels were 
comparable to the wild-type. 

In order to confirm viral protein expression in infected cells, 

10 Western blotting was performed by using anti-SeV antibody. CV1 
cells (2 x 10 5 ) grown in 6-well plates were infected at a moi of 10 
with the wild-type or SeV/mSf and harvested various hrs post 
infection. The cells were centrifuged, and the cell pellets were 
lysed and run in 12.5% SDS-PAGE (Laemmli, U.K., 1970, Nature 

15 227:680-685) and analyzed by Western blotting with anti SeV rabbit 
serum as described (Kato, A. et al . , 1995, Virology 209 :480-488; Kato, 
A. et al. , 1996, Genes to Cells 1 : 569-579) . As a result, the levels 
of F 0 protein in the SeV/mSf -infected cells were significantly higher 
than in the wild-type (Fig. 8) at any time point throughout infection. 

2 0 The downstream gene products, HN and L, were not well resolved in 

this experiment . 

To compare the level of transcription directly, after the cells 
infected with either wild-type SeV or SeV/mSf were treated with 
cycloheximide to block de novo protein synthesis, RNAs were extracted 
25 from the cells and analyzed by Northern hybridization as above. The 
radioactivities of viral genomic RNA contained in hybridized bands 
were analyzed by using the BAS 2000 Image Analyzer (Fujifilm, Tokyo) . 
Enhanced expression of the F and L genes, but not of the N and P gene, 
was also clearly seen in mutant SeV (Fig. 9) . These results again 

3 0 unequivocally demonstrated that the S sequence naturally occurring 

for the F gene transcription possesses a lower reinitiation activity 
and hence down-regulates the expression of F and downstream genes. 
Therefore, it was also shown that transcription level of not only 
F gene but also downstream genes thereof can be elevated by replacing 
3 5 the S sequence of the F gene with one having high efficiency. Probably 
because of enhanced L gene expression in the SeV/mSf , the virion (v) 



RNA levels were higher for the mutant than for the wild- type throughout 
infection (Fig. 7) . Earlier detection of mRNAs in the mutant SeV 
infected cells as demonstrated in Fig. 7 might be also due to the 
increased L gene expression. 

5 

[Example 4] Successive co-passages of the wild-type SeV and SeV/mSf 
in embryonated hen eggs 

Although the wild-type SeV replicated slower than SeV/mSf in 
CV1 cells under single-cycle conditions as shown in Fig. 5, the 

10 possibility still remained that, when cultured slowly at 
multiple-cycle conditions, the naturally occurring down- regulation 
of transcription for the F and downstream genes would be more 
advantageous than the artificially introduced up-regulation . The 
inventors thus examined whether either the wild- type SeV or SeV/mSf 

15 would compete out the other under the multiple-cycle conditions of 
successive co-passages of the two viruses in eggs. 

The SeV/mSf and wild-type SeV were co- inoculated into two 
embryonated hen eggs. with the respective doses of both 10 4 pfu/egg 
(10 4 :10 4 inoculation), and in another experiment, 10 4 and. 10 2 

20 pfu/egg (10 4 : 10 2 inoculation). Every three days post inoculation, 
the chorioallantoic fluids were harvested and after dilution to 10" 6 , 
0.1 ml of this was reinoculated into new eggs. These reinoculations 
were successively repeated 10 times. Viral RNAs were extracted from 
each chorioallantoic fluid by using TRIzol/LS (Gibco BRL, N.Y.) as 

25 Example 1, and amplified by one-step RT-PCR with two sets of specific 
primers. The viruses grown in the chorioallantoic fluids were 
semi-quantitatively measured by RT-PCR with specific primer pairs. 
One primer pair was designed to amplify only fragments having 
wild- type S sequence for the F gene (AGGGatAAAG) , and the other mutant 

30 sequence (AGGGtgAAAG) (Fig. 10A) . Specifically, the RNA was 
extracted from 25 \il of each chorioallantoic fluid, and reverse 
transcribed with HvM primer (5' - 4448 TTTTCTCACTTGGGTTAATC 4467 -3 ' /SEQ ID 
NO: 15) at 50°C for 30 min using Superscript II (Gibco BRL, N.Y.), 
and were heat denatured at 94 °C for 2 min. The cDNAs were amplified 

35 by PCR with HvM and GS2WR (5 ' - 4836 GCACTCACAAGGGACTTTca 4817 -3 ' /SEQ ID 
NO: 16) primers for SeV/mSf and with HvM and GS2MR 
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(5' - 4836 GCACTCACAAGGGACTTTat 4817 -3'/SEQ ID NO: 17) primers for 
wild-type SeV as described previous (Kato, A. et al . , 1997, EMBO J. 
16:578-587; Kuronati, A. et al . , 1998, Genes Cells 3:111-124). The 
lower case letters represent the mutated dinucleotides . The 
5 respective specific products were analyzed by electrophoresis in 
agarose gel as described. 

It was found that the wild- type genome had disappeared by the 
eighth passage in the case of 10 4 : 10 4 inoculation and by fifth passages 
following 10 4 :10 2 inoculation (Fig. 10B) . In control experiments, 

10 each virus was individually passaged and the genome sequences were 
determined. The results indicated that both of the viral genomes 
were stably maintained during 10 successive passages without any 
nucleotide change in the regions sequenced. These data indicated 
that the naturally occurring F gene S sequence conferred no 

15 replication advantage on SeV at least in ovo under the multiple-cycle 
conditions . 

[Example 5] Virulence of SeV/mSf in mice 

Highly complicated conditions are required for exhibiting 
20 virulence of SeV in natural host mice at individual level, compared 
with cultured cells or eggs. Whether the mutant SeV/mSf replicates 
earlier than the wild-type and shows stronger virulence in mice was 
examined . 

Specific pathogen-free (SPF) , 3-week-old of mice BALB/c and 
25 4 -week old of nude mice BALB/c (nu/nu) were purchased from 
Charles-River, Japan and used for virus infection experiments. 
These mice were infected intranasaly with 10 4 , 10 5 , 10 6 , 10 7 or 10 8 
pfu/mouse of the wild-type or SeV/mSf under mild anesthetization with 
ether (Kiyotani, K. et al . , 1990, Virology 177:65-74). Their body 
3 0 weights were individually measured every day up to 14 days. At 0, 
1, 3, 5, 7 and 9 days post infection, three mice in each group were 
sacrificed and the virus titers in the lungs were measured for BALB/c 
and nude mice inoculated with 10 4 pfu. Pulmonary lesions were scored 
at the same time (Kato, A. et al., 1997, EMBO J. 16:578-587). The 
35 results are shown in Fig. 11. 

The mouse body weight gain was strongly disturbed by 10 7 pfu 
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of both virus inoculations. All mice were killed by either virus 
at similar days p.i. At 10 6 pfu significant differences were found 
between the two viruses. SeV/mSf more strongly affected the body 
weight gain compared with the wild-type. The former killed all mice 
5 while the latter killed only one and allowed the remaining mice to 
gain the weight again. At 10 5 pfu, all mice infected with the 
wild-type showed a pattern of weight gain nearly comparable to that 
of the mock infected mice, and survived, while those infected with 
the mutant SeV/mSf did not and half of the mice died. Thus, SeV/mSf 
10 was clearly more virulent than the wild-type. The difference in 
virulence was quantitated by 50% lethal dose (LD 50 ) ; the LD 50 was 1.78x 
10 6 pfu for the wild-type and 7 . 94x 10 4 pfu for the mutant (Table 1) . 
The mutant virus was thus 22 times more virulent than the wild- type 
for BALB/c strain. 

15 

Table 1. LD 50 of wild-type and mutant viruses in normal and nude mice 



Inoculation 




BALB/C 




BALB/C(nu/nu) 






10 8 


5/5" 




NT 






10 7 


5/5 




3/5 




Wild-type 


10 6 


1/4 


1.78xl0 6 


2/5 


3.16x10* 




10 s 


0/5 




NT 






10 4 


0/5 




0/5 






10 8 


5/5 




NT 






10 7 


5/5 




5/5 




SeV mS/F 


10 6 


5/5 


7.94xl0 4 


5/5 


7.94xl0 4 




10 5 


3/5 




3/5 






10 4 


0/5 




0/5 





3 Dead individuals/Inoculated individuals 



Cytotoxic T lymphocytes (CTL) modulate SeV pathogenesis in two 
20 different ways. They contribute to eliminating or clearing the 
virus from body on one hand, and on the other, accelerate disease 
progression by immunopathological processes. That is, experimental 
results in BALB/c mice indicate the possibility of indirect 
exacerbation due to an enhanced immuno response induced by the mutant 



SeV, rather than direct effects resulting from a high reproducibility 
of the mutant SeV in the mouse body. Therefore, in an attempt to 
deny the possibility of aggravated pathogenicity resulting from an 
induced immunity, pathogenicities of the wild type and mutant viruses 
5 were compared in thymus -deficient nude mice (Fig. 11) . The LD 5 o 
values of each virus were comparable for nude mice and for the 
parental normal mice, and a similar difference (to 4 0 fold) between 
the two viruses was found for the nude mice (Table 1) . These results 
suggested that CTL did not play a major role in pathogenesis of both 

10 wild- type and mutant viruses during the observation period (14 days) 
at least on the bases of LD 50 . However, both the wild-type and mutant 
viruses persisted in the lungs of nude mice throughout, while cleared 
in the parental mice (Fig. 12) . These results suggest that CTL and 
other thymus -dependent responses play at least partial roles in the 

15 virus pathology. 

From the above-described results, it has been indicated that 
the natural S sequence of the F gene partially suppresses the 
replication of SeV so as to allow infected mice to survive for a longer 
time . 

20 

Industrial Applicability 

The present invention provides virus vectors of 
Paramyxoviridae S sequences of which have been modified. In the 
virus vectors of this invention, S sequences have been modified so 

25 that transcription levels of genes on the genome have been modified 
compared to the wild type virus. These viruses are useful for 
elevating the virus proliferation capability and expression of a 
desired foreign gene. Such virus vectors are advantageous in 
improving the production efficiency of gene products. In contrast, 

30 in the case of proteins too high expressions of which are undesirable, 
it is possible to suppress expression levels of genes encoding the 
proteins by linking the genes to the downstream of the S sequence 
with the reduced reinitiation activity, such as the S sequence of 
F gene. In addition, when recombinant virus particles or virus-like 

35 particles are recovered as pharmaceutical compositions or vaccines, 
viruses having a genome in which the S sequence has been modified 



* * 

to elevate the proliferation capability are advantageous in being 
capable of yielding a large amount of viruses in a short time. 



CLAIMS 

1. A virus vector DNA, wherein the transcription start (S) sequence 
of at least one gene on the genome of a virus belonging to 

5 Paramyxoviridae has been modified so as to modify the expression 
level of said gene and genes located downstream thereof within the 
host . 

2. The virus vector DNA according to claim 1, wherein said 
modification of the transcription start sequence comprises the 

10 substitution of said sequence by the transcription start sequence 
of another gene of a virus belonging to Paramyxoviridae. 

3. The virus vector DNA according to claim 1, wherein said 
modification of transcription start sequence comprises the 
substitution of the transcription start sequence of F gene by the 

15 transcription start sequence of another gene. 

4. The virus vector DNA according to claim 3, wherein said 
transcription start sequence of another gene comprises that of a 
P/M/HN gene type. 

5. A virus vector DNA according to any one of claims 1 to 4, wherein 
20 said virus vector DNA is defective in F gene and/or HN gene. 

6. A virus vector DNA according to any one of claims 1 to 5, wherein 
a foreign gene has been inserted into said virus vector DNA. 

7. A virus vector of Paramyxoviridae comprising a transcription 
product from a virus vector DNA according to any one of claims 1 to 

25 6 within virus particles. 

8. The vector according to claim 7, wherein said vector is a Sendai 
virus (SeV) vector. 

9. The vector according to claim 7 or 8 , wherein the proliferation 
capability in the host is elevated compared to that of the wild type 

3 0 virus. 

10. A method for producing a virus vector of Paramyxoviridae, wherein 
said method comprises the steps of transferring a virus vector DNA 
according to any one of claims 1 to 6 into the host, and expressing 
the virus protein in said host. 

35 11. The method according to claim 10, wherein said virus of 
Paramyxoviridae used to produce the vector is Sendai virus. 



ABSTRACT 

The present invention provides virus vectors of the family- 
Par amyxoviridae in which the transcription start (S) sequence has 
5 been modified so as to modify the expression of genes located 
downstream thereof, a method for producing the vectors, and uses 
thereof. By measuring the transcription initiation efficiency of 
the S sequence of each gene carried by Sendai viruses (SeV) , it was 
clarified that the S sequence of F gene has a significantly lower 

10 ability to promote transcription than the other three S sequences. 
When the S sequence of the F gene of wild type Sendai virus was 
substituted by the S sequence of the P/M/HN gene -type showing a high 
transcription initiation efficiency, the F gene of the resultant 
Sendai virus mutant and genes located downstream thereof show 

15 elevated expression levels. It was also revealed that this mutant 
proliferates more quickly than the wild type. The vectors of this 
invention are useful in elevating the expression of foreign genes 
and producing pharmaceutical compositions and vaccines. 



